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(57) Abstract: The present invention relates generally to a methodology for the isolation, purification and identification of peptide 
ligands presented by MHC positive cells. In particular, the methodology of the present invention relates to the isolation, purification 
and identification of these peptide ligands from soluble class I and class II MHC molecules which may be uninfected, infected, 
or tumorgenic. The methodology of the present invention broadly allows for these peptide ligands and their comcomittant source 
proteins thereof to be identified and used as markers for infected versus uninfected cells and/or tumorgenic versus nontumorgenic 
cells with said identification being useful for marking or targeting a cell for therapeutic treatment or priming the immune response 
against infected cells. 
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COMPARATIVE LIGAND MAPPING FROM MHC POSITIVE CELLS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims the benefit of: provisional patent application 
U.S. Serial No. 60/240,143, filed October 10; 200Q, entitled "C-TERMINAL 
EPITOPE TAGGING FACILITATES COMPARATIVE LIGAND MAPPING FROM MHC 
CLASS I POSITIVE CELLS"; provisional patent application U.S. Serial No. 
60/299> 452>; filed June 20, 2001/ entitled ^HIV EPCTOPES IDENTTFIED BY THE 
METHOD OF C-TERMINAL EPITOPE TAGGtN <S FOR ^COMPARATIVE LIGAND 
MAPPING FROM MHC CLASS I POSITIVE CELLS";. .provisional patent apptlcation 
U.S. Serial No. 60/256,410,; filed December 18, 2000, entitled n HLA 
PRODUCTION FROM GENOMIC DNA"; provisional patent application U.S^ Serial 
No. 60/256,409, entitled ^HLA PRODUCTION FROM cDNA" filed December 1,8, 
.2000; and provisional patent application U.S: SeriahNo. not yet assigned; 
entitled "PRODUCTION OF. SOLUBLE HUMAN HLA CLASS I PROTEINS FROM 
GENOMIC DNA" filed October 9, 2001 all. of which are expressly incorporated 
herein by reference. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

.DEVELOPMENT- 

This work Was funded in part by a contract from the National Institutes 
- bf ..Health: Contract , ; :nurhber NOl-AI-95360 entitled "Mapping and 
Characterization of. Viral; Epitopes". As:. such, the: government may own 
certain rights in and to this appliqatibnv 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

. The present invention relates generally.. to a methodology for the 
isolation; purification and identification of peptide ligahds presented by MHC 
positive cells. In particular, the methodology of .the present invention relates 
to the isolation, purification and identification of these peptide ligahds' from 
so.luble class I and class II MHC molecules which may be uninfected, Infected, 
or tumorigenic.' The methodoibgy of the present invention broadly allows for 
these peptide ligands and their concomitaint source proteins . thereof to be. 
identified and used as markers for infected versus uninfected cells and/or 
tumorigenic versiiis nontumorigehic cells with said identification being useful 
for marking or targeting t a cell for therapeutic treatment or priming the 
Immune response against infected ceils. 

2. Description of the Background Art 

Class I major histocompatibility complex (MHC) mplecuies,, designated 
HLA class I in humans, bind and display peptide antigen ligands upon the cell 
surface. The peptide antigen ligands presented by the class I MHC molecule 
are dem/ed from either normal endogenous proteins - ("self") or foreign 
proteins (^nbriself") introduced into the cell.- Nonself proteins may be 
products - of malignant tranisformation - or intracellular . pathogens such as. 
. ( viruses. 'In this manner, class I MHC mplecuies Con Vey information regarding 
the Internal fitness of! a cell to immune effector ceH but hot limited' . 

to, CD8 + cytotoxic T lymphoeyties (CTLs)> which ^ are activated upon interaction 
with "nonself peptides, thereby lysing. pc filling .^the : cell presenting such : 



SUBSTITUTE SHEET (RULE 26) 



WO 02/30964 



3 



PCT/US01/31931 



"nonself" peptides. 

Class II MHC molecules, designated HLA class II in. humans, also bind 
and display peptide antigen ligands upon the celi surface. Unlike class I MHC 

• molecules which are expressed on virtually all nucleated cells, class II MHC 
molecules are normally confined to specialized cells, such as B lymphocytes, 
macrophages, dendritic cells, and other antigen presenting cells which take 
up foreign antigens from the extracellular fluid via an eridocytic pathway. The 
peptides /they bind and present are derived from extracellular forefign 
antigens, such as products of bacteria that multiply outside .of cells, wherein 
such products include protein toxins secreted by the bacteria that often times 
have deleterious and even lethal effects on' the host (e.g. human). In this 
manner, class II molecules convey information regarding the fitness of the 

: extracellular space in the vicinity ;of the cell displaying the class II molecule 
to immune effector ceils, ihcludingj but hot limited to, CD4 + helper T cells, - 
thereby helping to- eliminate such pathogens the examination of such; 
pathogens is. accomplished by both helping B cells make antibodies against 
microbes, as well as toxins produced by such microbes, and by activating 
niacrophagies to destroy ingested microbes. , ' 

Class I and class II hLa. molecules exhibit extensive polymorphism 
generated by systematic recpmbinatorial and point mutation events;: as such,; 
hundreds of different HLA types exist throughout the world's! population, , 

resulting in a large Immunological diversity. Such extensive HLA diversity 

.throughout -the ; population . results in tissue or organ" transplant rejectibn 
between : /|n(dfyidUdi5^a^.^e{l as differing* susceptibilities .and/or resistances to 

'')nfeaipirs.,^dlseas'efi;^ '. HLA molecules i .iateo\; : 'cbntrtbute significantly;, to 
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autoimmunity, and cancer. Because HLA molecules mediate most, if not all, 
adaptive immune responses, large quantities of pure isolated HLA proteins 
are required in order to effectively study transplantation, autoimmunity 
disorders, and for vaccine development. 

There are several applications in which purified, individual* class I and 
class II MHC proteins are highly useful. Such applications include using MHC- 
. peptide multim^rs . as immunodiagnbstic reagents ;' for disease 
resistance/autoimmunity; assessing the binding of potentially therapeutic 
peptides; elution of peptides from MHC molecules to identify vaccine 
candidates; screening transplant patients for. preformed MHC specific 
antibodies; and removal of anti-HLA antibodies from a patient. Since every 
individual has differing MHC molecules, the testing of numerous individual 
MHC molecules is a prerequisite for understanding the differences in disease 
susceptibility between individuals. Therefore, purified MHC molecules, 
representative of the hundreds of different HLA types existing throughout the 
world's population are highly desirable for unraveling: disease susceptibilities 
and resistances/ as well ais for . 

Class I HLA molecules alert the immune, response to disorders within 
host cells, Peptides, which are derived from viral- and tumor-specific, proteins 
within the cell, are loaded into the class I molecule's antigen binding groove 
in the endoplasmic reticulum of the cell' and subsequently carried to the cell 
surface. Once the class I HLA molecule and its loaded peptide ligand are on 
the cell isurface; the class I molecule and its peptide ligand are accessible to 
cytotoxic t lymphocytes (CTL). CTL survey , the peptides presented by 'the 
class I molecule and destroy those cells, harboring figands derived from 
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infectious or neoplastic agents within that cell. 

While specific CTL targets have been identified/ little is known about 
the breadth and nature of ligands presented on the surface of a diseased cell. 
From a basic science perspective/ many outstanding questions have 
permeated through the art regarding peptide exhibition. For instance, it has 
been '-demonstrated .' that :. a viriis can preferentially block expression of .HLA 
class I molecules from a given locus ' while leaving expression at other loci 
intact. .Similarly, there are numerous reports of cancerous celis that fail to 
express class I HLA at particular loci. However, there are no data describing 
how (or if) the three classical riLA class I loci differ in the immunoregulatory; 
ligands they bind. It is therefore unclear how class I molecules from the 
different loci vary in their interaction' with viral- and tumor-derived ligands 
and the number of peptides each will present., 

Discerning virus- and tumor-specific ligands for CTL recognition is ah, 
important component of vaccine, design. Ligands unique to tumorigenic or 
infected cells rah be tested and incorporated into vaccines designed to evoke 
.a protective CTL response."' Several methodologies are currently employed to 
^identify potentially protective, peptide ligqnds. One approach uses T cell lines 
or clones to screen for biologically active ligands among chromatographic 
fractions of eluted peptides. (Co* 'et al., Science, .vol 264, 1994, pages 716- 
719, which is Expressly, incorporated h^^ in its entirety) This . 

approach ' has . been; employed: • to Identify peptides ' ligands specific to . 
cancerous cells. . A ■second/^te^ identify, 
peptides-: capable of binding rto.-.'a; particular; class "i ;rhc!lecuie based upon 
previously- determined ligahd sequences. (De Groot 
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et al., Emerging Infectipus . Diseases, (7) 4, 2001, which is expressly 
incorporated herein by reference in its entirety) Peptides having high 
predicted probability of binding from a pathogen of interest can then be, 
synthesized and tested for T cell reactivity in precursor, tetramer or ELISpot 
assays. 

Howieveir; there has been no readily available source of individual HLA 
,mplecules. The quantities of HLA protein available have been small and 
; typically consist of a mixture of different HLA moleculies. Production of HLA 
molecules traditionally involves growth and lysis of cells expressing multiple 
HLA molecules. Ninety percent of the population is hesterpzygous at each of 
the HLA ioci; coddminant expression results in r multiple HLA proteins 
expressed at each HLA locus, to purify native class I or class II molecuies 
from mammalian cells requires time-consuming and : cumbersome purification 
methods, and since each cell typically expresses multiple; surface-abound HLA 
class I or class II molecules, HLA purification results in a mixture of many 
different HLA class I or class II molecules. When performing experiments 
using such a mixture of HLA molecules or performing experiments using a cell 
having. multiple surface-bouhd'riLA molecules, interpretation^ of results cannot 
directly distinguish between the different Hi_A molecules, and one cannot be 
^certain that any particular/ HLA^ molecule is responsible fpr a .given result, 
therefore, a need existed in the art fpr a method of producing substantial 
quantities of individual HLA-ciass I or class II molecules so that they can be 
readily purified and isoiat^lride of pfehe^H'lAAda^'.ror class II 

mplelcules. Such individual .HLA mojpcules, when provided .in. ■■•sufficient-" 
quantity and purity, Would provide arid measuring , 
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. immune responses. 

Therefore, there exists a need in the art for improved methods of 
epitope discovery and comparative ligand mapping -for class I and class II 
MHC molecules, including methods of distinguishing an infected/tumor cell 
from an uninfected/non-tumor cell, the present invention solves this need 
by coupling the production of soluble HLA molecules with an epitope 
isolation, discovery, arid direct comparison methodology. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. i: Overview of 2 stage PCR strategy to amplify a truncated version 
of the human class I MHC. 

FIG. 2. Edman sequence/analysis of soluble B*1501, B*1501-HIS arid * 
B* 1501- FLAG. Residue intensity was categorized as either dominant (3.5- 
fold or more picomolar increase over previous round) or strong (2-5 to 3.5-foid 
increase over prior round), 

FIG. 3. Representative MS ion maps from soluble B*1501, B*1501-HIS 
and B*1501-FLAG illustrating ion overlap between the molecules. Pooled, 
acid^eiuted peptides were fractionated by RP-HPLC, and the individual 
: fractions were MS scanned. 

FIG. 4. Fragmentation pattern generated by MS/MS on an ion selected 
rrom fraction 11 of B*15pl, B*1501-HIS; and. B*1501-FLAG peptides 
illustrating a sequence-level overlap between the three molecules. 

FIG. 5. Flow chart of the epitope discovery of C-tenriirial-t^gged sH 
molecules. :.. Glass i positive transfectahts are infected with a pathogen of 
choice and : sHLA preferentially purified' utilizing; the tag. SubtraEctive 
comparison of MS ; ion maps yields ions, present only in infected cell, which' are 
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then MS/MS sequenced to derive class I epitopes. 

FIG, 6. MS ion. map from soluble B*0702 SupTl cells uninfected and 
infected with HIV/MN-l. Pooled, acid-eluted peptides were fractionated by 
RP-HPLC, and fraction #30 was MS scanned.. 

. FIG. 7. MS ion map similar to FIG. 6 but zoomed in on the area from 
.482-488 amu to more clearly identify all ions in the immediate area. 

7 FIG.. 8. Fragmentation pattern generated by tandern mass spectrometry 
of the peptide ion 484.72 isolated from infected soluble B*0702 SupTl cells. 
. FIG. 9. Results of a PubMed BLAST search with the sequence 
GPRTAALGLL identified, in FIG. 8, 

FIG. iO. SummaiV of Results pf Entrez- PubMed search for the . word 
"Yefciculocalbin". 

\ , FIGw ll.: Results of a peptide-biniJing algorithm performed using 
Parker's Prediction using the entire source protein^ reticulbcalbin/ which 
generates a list of peptides which are bound by the B*0702 HLA allele. 

FIG. 12. Results of a peptide-binding algorithm performed using 
Rammense^'s §YPEITHI ." . Prediction' using the, ^entire source . protein, 
reticulocalbih, which geherates a list of peptides which are bound by the 
B*0702 HLA Allele. - 

FIG. 13.. Results of a predicted proteasomal. cleavage of the complete 
reticulocalbih; protein using the cleavage predictor PaF>rpC. . 

FIG. 14. - Results of a predicted proteaspmal cleavage of the complete 
reticulocai.bin protein/using the cleavage predictor NetQhpp 2.0. 

FIG. 1$. Several high affinity peptides deriving from reticulpcalbin were 
identified as peptides predicted to be presented by HLA-A*0201 and A*0101. 
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FIG; 16. MS ion maps from soluble B*0702 uninfected SupTl cells of 
fractions 29 and .31 to determine that ion. 484.72 Was not present. 

FIG. 17; Fragmentation patterns of soluble B*0702 uninfected SupTl 
cells fraction 30 ion 484.72 under. identical, MS collision conditipns to illustrate 
, the absence of the reticulbcalbin peptide in the uninfected cells. ; 

FIG. 18. Comparison of the MS/MS fragmentation patterns of synthetic 
peptide 0PRTAALGLL and peptide ion: 484.72 isolated from infected soluble 
B*0702 SupTl cells. 

DETAILED DESCRIPTION OF THE INVENTION 
Before explaining at least one embodlmient of the invention in detail by 
way of exemplary drawings, experimentatlbn, results, and laboratory 
procedures/ it \$ to be understood that the Invention is not limited, in its 
application to, the details of construction and, the arrangement of the 
components set fprth In the following description- or illustrated in the 
drawings, experimentation and/or results. The invention is capable of other 
embodiments oh of being practiced or. carried out in Various ways. - As such, 
the language used herein is intended to be given the . broadest, possible scop 
and meaning; arid the embodiments are meant'to be exemplary - not 
/exhaustive. Also, it is to be understood that the ; phraseology and 
terminology employed herein is for the pufposeiof description and should hot 
be regarded as limiting.' 

The present invention generally, relates to a method /of epitope 
discovery and comparative iigand -mapping as: well as methods of 
distinguishing infected/tUmor cdlls from uriinfected/non^tuitibr cellis. The 
present method broadly includes the following steps: . (1) providing a cell jfrie 
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containing a construct that encodes an individual soluble class I or class II 
:MHC molecule (wherein the cell line is capable of naturally processing self or 
nonself proteins into peptide ISgands capable of being loaded into the antigen 
binding grooves of the class I or class II MHC molecules;); (2) culturing the 
cell line under conditions which allow for expression of the individual soluble 
class I or class if MHC molecule from the construct/ with such conditions also 
allowing for the endogenous loading of a peptide ligand (from the self or non- 
self processed protein) into the antigen binding groove of each individual : 
soluble class I or class II MHC molecule prior to secretion of the soluble class 
I or class II MHC molecules having the peptide Jigahdis bound thereto; arid (4) 
separating the peptide ligands from the individual soluble class I or class II 
MHC molecules.. 

The methods of the present invention may f in one embodiment/ utilize 
a method of producing MHC: molecules (from genomic' DNA or cDNA) that are 
"secreted from mammalian cells in a bioreactorunit:. Substantial, quantities 
of individual MHC molecules are obtained by modifying class I or class II MHC 
moletules so that they are capable of being secreted, isolated; and purified. - 
Secretion of soluble MHC molecules bvercbrries;t:he disadvantages and/defects^ 
of the prior art in relation to the quantity and purity of MHC molecules 
produced. Problems of quantity are overcbme because the cells producing the 
,MHC do riot /heed to be detergentrlysed or killed in order to obtain the. MHC 
; molecule. In this way the cells producing secreted MHt remain aHVe and 
therefore contirilie to produce MHC. Problerhs of purity .are bvercorhe because 
the only ; a Mjt1C'jnriolecu{e secreted from the ^ cell is the one that has. specifideilly 
been constructed to be secreted. Thus*, transfettion of vectors encodinq such 
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. secreted MHO molecules into cells which may express endogenous, surface 
bound MHC provides a method of obtaining a highly concentrated form of the 
.transfected MHC molecule as it is secreted from the cells. Greater purity is 
. assured by transfecting the secreted MHC molecule. Into MHC deficient cell 
' lines." •. • , - 

Production 'of the MHC molecules in a hollow fiber bioreactor unit allows 
cells to be cultured at a density substantially greater than conventional liquid 
phase tissue culture permits. Dense culturing of cells secreting MHC ; 
molecules further amplifies the ability to continuously, harvest the transfected 
MHC molecules. Dense bipreactor cultures of MHC secreting cell lines allow 
for high concentrations of individual MHC proteins to be obtained. Highly 
concentrated individual MHC proteins provide an adyantagie . In that most : 
downstream j protein purification strategies perform ';, better, as the 
concentration of the protein to be purified increases. TjVus,the culturing of 
MHC secreting cells in bioreactors allows for" a continuous production of 
individual MHC proteins in a concentrated form. 

"The method of producing MHC m^ 
invention begins by obtaining) genomic or comjDlementary DNA which encodes 
the desired MHC , class I or class II molecule. Alleles at the locus .which 
encode; the desired M HC molecule are PCR amplified in a lociis; specific 
manner. ' These lociis specific PCR products may. include the entire coding 
regibnvof . the • MHC rnplecule, or a portion thereof, in; one embodiment a" 
nested on herrii-nested PCR is applied to produce a truncated form of theS. 
class I of class II gien<e so that it will be secreted rather than an 
cell surface; In another embod the MHC 
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molecule. 

Logus specific PGR products are doned into a mammalian expression 
vector and screened with a variety of: methods to identify a clone encoding 
the desired MHC molecule. The cloned MHC molecules are b.N A sequenced to 
insure fidelity of the PCR. Faithful truncated clones pf the desired MHC 
rnolecuie are then transfected I into a mammalian cell line. When such cell 
line is transfected with a vector encoding a recombinant class I molecule/ 
such cell line may either lack endogenous class I MHC molecule expression 
or express endogenous class; I. MHC molecules. One of ordinary skill of the 
art would note the ..Importance/ given the present invention) that cells 
expressing. endogenous class I MHC molecules may spontaneously release 
MHC into solution upon natural cell death. In cases where this small amount 
of spontaneously released- MHC is a. concern, the transfected class I MriC 
molecule can be ^tagged" subh that it can.be specifically purified Jaway from 
spontaneously released endogenous class I molecules in celis that express 
class I molecules. For example, a DNA fragment encoding a HIS tail may be 
attached to the' protein by the PCR reaction or may be-encoded by the vector 
into which the PCR fragrfient is .cloned, and such HIS .tail, therefore, further 
aids in the puriiRcation pf th6 class I MHC molecules away from endogenous 

: class I molecules. Tags beside a histidine tail have also been demonstrated 
to . wprk, 'and one . of ; ordinary skHI in the, art of tagging proteins for 

.downstream purification would appreciate and know how. to tag '■'a' ; MHC 
molecule in such a manner so ;as to increase the. ease by .which the MHC 

molecule may be purified. 

.. Cloned genomic DNA fragments contain both expns and intfahs as well 
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as other non-translated regions, at the 5' and 3 r termini of the gene. Following 
transfection into a cell line .which transcribes the genomic DNA (gDNA) into 
RNA, cloned genomic DNA results in a protein product thereby nemoving 
introns and splicing the RNA to form messenger RNA (mRNA), which is then 
translated into an MHC protein. : Transaction of MHC molecules .encoded by 
gDNA therefore facilitates reiisolatioh of the gDNA, mRNA/cDNA, and protein. 
Production of MHC molecules in non-rnammalian cell lines such asjnsect and 
bacterial cells, requires cDNA clones, as these lower cell types do not have 
the ability to splice introns out of RNA transcribed from a m gDNA clone.: In. 
these instances the mammalian gDNA trgnsfectrants of .the present invention 
provide a valuable source of RNA \which can be reverse transcribed to form 
MHC cDNA. the cDNA can then be cloned, transferred into cells;, and then 
translated into protein; In addition "to producing seicreted MHC, such gDNA. 

' transfectants therefore provide a ready source of rnRNA, and therefore cDNA 
clones, which can then be. trahsfected into non-mammalian cells for 
production of MHC. Thus, the - present invention which, starts with >1HC : 

. genomic DNA clone^ allows for the production of MHC, in: cells from various 1- 
species. , 

! A key advantage of starting ;from. gDNA' is; that viable cells containing 
the MHC molecule of interest are not needed. Since all individuals in the 
population have a different MHC repertoire, one would need to Search mpre 
■than 5bb,o6o individuals to find someone with the same MHC complement as:' 
.".a '.'desired individual '- such a practfca) example. of this principle is observed \ 
when try i ng ; to find a donor to m atch "a V recipient for ■ bone ma rro w 
trahspiantation. ( Thus, if it is desired to product a particular MHC molecule 
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tor use in an experiment or diagnostic, a person or cell expressing the MHC 
allele of interest would first need to be identified. Alternatively, in the 
method of the present invention, only a saliva sample, a hair root, an old 
freezer sample, or less than a milliliter (0.2 mi) of blood would be required, 
to isolate the gDNA. Then, starting from gDNA, the MHC molecule of interest 
could be obtained via a gDNA clone as described ; herein, and following 
transaction of such clone into mammalian 'cells, the desired protein could be 
produced directly in mammalian cells'] or from cDIMA in several species of cells 
using the methods of the present invention described herein. 

Current experiments to obtain an MHC. allele for ^p expression 
typically start from mRNA, which requires a fresh sample of mammalian cells 
that express the MHC molecule of interest Working from gDNA does not 
require gene expression or a fresh biolpgipai sample. It.Is also important to 
note that RNA is inherently unstable and is not as easily obtained as is 
gDTSlA. Therefore, if production of a particular MHC fnolecule starting from a 
cDNA clone is desired, a person or cell line that is. expressing the allele of 
interest mu5t traditionally first be identified in order ito/obtain; RNA. Then a 
fresh sample of blood or cells must- be obtained; experiments using the 
methodology of -the present invention" show that ;>5 milliliters of blood that 
is , Jess than 3 ciays old is required to obtain sufficient RNA for MHC cDNA 
Synthesis. Thus; by starting with gDNA, the, breadth of MHC molecules that 
can be readily, produced is expanded. This is a key factor in a system as 
polymorphic as the MHC system; hundreds.brMHC'mo^ not 
all MHC molecules are readily Available.: This is especially/ true of MHt 
molecules unique to isolated populations or of- MHC molecules unique .to , 
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ethnic minorities. Starting class. I or class II MHC molecule expression from 
the point of genomic DNA simplifies the isolation of the glene of interest and 
insures a more equitabje means, of producing MHC molecules for study; 
otherwise, one would be left to determine whose MHC. molecules are chosien 
and not chosen for study, as 'Well as to determine which ethnic population 
from which fresh samples cannot be obtained and therefore should not have 
their . MHC moleculeis. included in a diagnostic assay./ 

While cDNA /may be substituted for. genomic QNA as the* starting: 
material, production of cDNA for each of the desired HLA . class I types will 
require hundreds "of different; HLA typed, viable cell lines, each expressing a. 
different HLA class I type. Alternatively, fresh samples are required from, 
individuals with the various desired MHC types. - The use of genomfc DIS|A as 
the starting material / allows for the production . of clones for many HLA 
molecules from a single genomic DNA sequence, as the amplification process 
can be manipulated to mimic recombinatorial and gene conversion .events. . 
Several mutagenesis strategies, exist^whfereby a given class i gDNA clone 
could be modified at either the level of gDNA or at the cDNA resulting from 
thfe gDNA clone. The process of producing MHC molecules utilized in the 
preseirit invention does not require viable cells, and therefore the degradation 
which plagues RNA is not a probleiji. . • < 

Vv." The soluble class I MHC proteins produced by the method described 
herein is utilized in the. methods of epitope -discovery anci Comparative ligand 
;mapping 6f the present inveiritioh; . The methods of. epitope discovery and 
comparative, ligand mapping described herein which utiliz^secreted individual ; 
.MHC rholecules haye : several; advantages over the prior art, - which utilized 
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MHC from cells expressing multiple membrane-bound MHCs. While the prior 
art method could distinguish if an epitope was presented on the surface of 
a cell; this prior art method is unable to directiy distinguish in which specific 
MHC molecule the peptide epitope was bound. Lengthy purifi<cation processeis 
/might be used to try and obtain a single MHC molecule, but doing so limits 
the quantity and usefulness of the protein obtained. . The novelty and 
flexibility of the /current invention is. that individual MHC specificities can be 
Utilized in sufficient quantity ^ through the use of . recombinant^ soluble MHC 
prbteihs. 

Class I and class II MHC molecules are really a trimolecular complex 
consisting of an alpha chain, a beta chaih> and the alpha/beta chain's peptide, 
cargo (i.e. peptide Mgand) which is presented on the cell surface to immune 
effector cells. Since it is the peptide cargo, and not the MHC alpha and beta 
chains, which marks a ceil as infected; tumongenic, or diseased, there is a 
great heed to identify and characterize the peptide ligands bound by 
particular MHC molecules. For iexarriple, characterization of such peptide 
ligands . greatly aids in determining . hbw the peptides presented by a person 
, with MHCTassocfated diabetes differ from the peptides presented by the MHC 
molecules associated with resistance to diabetes. As stated above, having 
a. sufficient supply of an individual MHC molecule, and therefore that MHC 
molecule's bound peptides, provides a means for studying such diseases. 
Because the mietHod of the present Invention provides quanta 
protein previously unobtainable, Unparalleled studies of MHC molecules and 
their .important peptide cargo dan now be facilitated: 

therefore^ the present invention, is also related to methods of epitope 
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discovery and comparative llgand mapping which can be utilized to 
distinguish infected/tumor ceils from uninfected/non-tiimor cells by unique 
epitopes presented by MHC molecules in the disease or non-disease state. 

Creation of sHLA molecules from genomic DNA (gDNA) 

1. Genomic. DNA Extraction. 200 y\ of sample either blood, plasma, serum, 
■ buffy. coat, body fluid or up to 5xl0 6 lymphocytes in 200 pi. Phosphate 

buffered saline were used to extract genomic DNA using theQIAamp® DNA 
Blood Mini Kit blood and body fluid spin protocoL Genomic DNA quality and 
quantity was assessed using optical density readings at 260nm and 280nm. 

2. X PCR Strategy. Primers were designed for HLA-A, -B and -C loci in order 
to amplify a truncated version of the. human class I MHC usihg a 2 stage PGR. 
strategy. The ^ first stage PGR uses a primer set that amplify, from the 5' 
Untranslated region to Ihtron 4. This amplicori is used as a. template for" the 
second PGR which results in a truncated version of the MHC Glass I gene by . 
utilizing a 3' primer that $its down in exori 4, the 5' prihier rerhains . the same 
as the ;l st PCR. An overview can be seen in FIG, 1. The primers for each 
locus are listed in TABLE I. : Different HLA-B locus alleles require , primers 
With different restriction cut sites depending on the nucleotide sequence of 

\the ailelje/ Hence there are twb 5 ' and two 3' truncating primers for t^ 
locus.'. 
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2.2 Primary PCR. Materials: An Eppendorf Gradient Mastercycler is used for 
all PCR. (1) H 2 0:Dionized uftrafiltered water (DIUF) Rsher Scientific, W2- 
4,41, (2) PCR nucleotide mix (10 mM each deoxyribonucleoside triphosphate 
[dNTP]), Boehrlnger M.anheim, #1814,. 362. (3) 10X Pfx Amplification buffer,. 
pH 9. Q, GibcoBRL®, part # 52806, formulation is proprietary information. (4) 
50mM MgSO- 4 , GibcoBRL®, part #52044. (5) Platinum® Pfx DNA Polymerase" 
(B Locus only), GibcoBRL®, 11708-013. (6) Pfu DNA Polymerase (A and C 
Locus), Promega, M7741. (7) Pfu DNA Polymerase lOx reaction Buffer with 
MgS0 4 , 200mA/Tris-HCL,pri 8.8,100mM KCI,100mAf (NH 4 ) 2 S0 4 , 20mAf MgS0 4 , 
Img/ml nuclease free BSA,1% Triton®X-100. (8) Amplification primers (in 
ng/pl) (see TABLE I): A locus: S' -sense PP5UTA (300); 3'antiserise PPI4A 
(300); B locus (Not B*39's): sense PP5UTB (300); antisense PPI4B (300); B 
locus (B*39's): s^hse 5UTB39 (300); antisense PPI4B (300); C Locus : sense 
5PKCE (300)' antisense PPI4C (300). (9) gDNA Template 

2.3 Secondary PCR (also usedfor colony PCR). (1) H 2 6:Diohized ultrafiltered 
water (DIUF) Fisher Scientific, W2-4i4.1. (2) PCR nucleotide mix (id mM each 
deoxyribonucleoside triphosphate [dNTP]), Boehrlnger Manheim, #1814, 362V 
(3) Pfu dNA Polymerase (A and C Locus); Promega, M7741. (4) Pfu DNA. 
Polymerase lOx reaction Buffer with MgS0 4 / 200mM Tris-HCL,pH 8.8>i00mM 
KCI, lOOmM (NH 4 ') 2 Sd 4/ 20mM MgS0 4 ; : Img/ml nuclease- free BSA,i% 
Triton®X-100. (5) ; Amplification pfimers (in ng/pl): see TABLE I: A-locus: 5' 
sense PP5UT A, (300), 3', antisense PP3 PEI (300); B-locus: sense PP5UTB 
(3Q0), antisense PP3PEI (300); B-locus;: : sense PP5UT (300)^ antisense 
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PP3PEIH (300); B-!ocus B39's: sense 5UTB39 (300), antisens>e PP3PEIH (300); 
C-locus: sense 5PKCE (300), antisense PP3PEI (300); C-locus Cw*7's: sense 
5PKCE (300)/ antisense 3PEIHC7 (300). (6) Template 1:100 dilution of the 
primary PCR product. 

2.4 Gel Purification of PCR products and vectors. (1) Dark Reader 
Tansilluminator Model DR-45M, Clare Chemical Research. (2) SYBR Green, 
Molecular Probes Inc. (3) Quantum Prep Freeze ^ N Squeisze pisi A Gel 
Rxtraction Spin Columns, Bio-Rad Laboratories, 732-6165. 

2.5 Restriction digests/ Ligation and Transfprmatioh. (1)/ Restriction 
. enzymes from New England Biolabs: (a) EcoR I #R0101S; (b) H//?d III 

#R0104S; (c) Xba I #R0145S: (2) T4 DNA Ligasei, New England- Biolabs, 
#M0202S. (3) : ; pfeDNA3.1(-); Invitrogen Cprporatlpn^ (4> lOx 
Buffers from.New England Biolabs: (a) EcoR I buffer, SOOmM NaCI, lOOOmM 
Tris-HCL, . lOmM MgCL 2 , 0.25% Tritbn-X 100, pH 7,5; (b)T4 DNA ligase buffer, 
SOOmM Tris-HCUlOOmM :MgCL ?/ lOOmM DTT, lOrnM ATP, 250ug/ml BSA, pH 
7.5; (c) NEB buffer 2,500mM NaCI, 100 mM Tris-HClAl00ml9l M&CI 2> ;. 10mM 
DDT, pH 7.9. (5) lOOx BSA, New England Biolabs. (6) iz-Competent E. -coIl 
Transformation Buffer Set; Zymo Research, T3002; (7) E. coll strain JM 109. 
(8) LB Plates With 100 po/ml ampicillin. (9) LB media with 100 pg/mi 
ampicillin ; ___ _ „ 

2.6 Plasmicl Extraction; Wizard: minipreps; Prbmega, #A1460. : 

2.7 Sequencing of Clones. (1) Thermo S.equenase Primer Cycle Sequencing 
Kit, Amersham- Pharmacia Biotech/ . 25-2538-01. . (2) labelled printers. 
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(see TABLE II). . (3) AlfExpress automated DNA .sequencer, Amersham 
Pharmacia Biotech. 
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2.8 Gel Casting. (1) PagePlus 40% concentrate^ Amresco, E562/ 500ml. (2) 
Urea, Amersham Pharmacia Biotech, 17-0889-01, 500g. (3) 3 N'N'N'N'- 
tetramethylethyleneiamtne (TEMED), APB. (4) Ammonium persulphate (10% 
solution), APB. (5) Boric acid,APB. (6) EDTA-disbdium salt,. APB. (7) ; Tris, 
APB. (8) Bind-Saline, APB. (9) Isopropapol, Sigma. (10) Giaciai Acetic 
Acid, Fisher Biotech. (11) DIUF water, Fisher r Scientific. (12) EtOH 200- 
proof.; 

2.9 Plasmid Preparation for EJectroporation. Qiagen Plasmid Midi: kit, Qiagen 
inc., 12143 

3.0 Electroporation. (1) Biorad Gene Pulser with capacitance extender, Bio- 

Rad Laboratories. (2) Gene Pulser Cuvette, Bio-Rad Laboratories. (3) 

Cytomix: 120mM KCI, 0.15mM CaCl 2 , i0mMK 2 riPO 4 /KH 2 PO 4 , pH 7.6, 25mM \ 

Hepes,pH 7.6, 2mM EGTA, pH 7.6, 5mM MgCI 2 , pH 7.6 vyith KOH. (4) RPMI 

1640+ 20% Foetal Calf Sierum + Pen/strep. (5) . Haemacytdmeter. (6) Light 

Microscope. :(7) C0 2 37 6 Incubator. (8) Cells in log phase. 

Primary PCR 

c. A-Locus arid C-Locus 

lOx Pfu buffer 5 pi 

5'Primer (300ng/pl) .1 pi 

3' Primer (300ng/pl) 1 pi 

dNTP's (lOrnM each) 1 pi 

gDNA (50ng/pl) : 10 pi 

DIUF H 2 0; ; . 3i:4 P! • 

Pfu DIMA Polymerase 0i6. pl .: 

96°C 2.min. 

95 6 C 1 mih V 

58°C 1 rriih }. x35 

73X 5 mih J 
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d. B-iocus 

lOx Pfx buffer 5 pi 

5' Primer (300ng/pi) 1 pl 

3' Primer (300ng/pl) 1 pi 

dNTP's (lOmM each) 1.5 pi 

MgS0 4 (50mM) 1 pi 

gD.NA (iOOng/pl) 1 pi 

DIUF H 2 0 40. pl 

Pfx DNA Polymerase 0.5 pi 
94°C 2 min. 
94°C 1 min \. 
60°C 1 min kx35 
68°C .3.5 min - J 
68°C 5 min 



Gel Purification of PGR fall PGR and plasmids are gel purified V 

. Mix primary PCR vyith 5 pi of ix SYBR green and incubate at room 
temperature for 15 minutes then load oh a 1% agarose gel. Visualize on the 
park , Reader . and purify using the Quantum Prep Freeze and Squeeze 
extraction kit according, to the manufarturers instructions. 
Secondary PGR . ' - ; < ' . ■ - 

A;BaridCLoci .,- ; \\/'- V \ ; . 

lOx Pfu buffer > 5 pi 

.5' Primer (300hg/pl) 0.5 pi ... 
3' Primer (300ng/pl) 0.5 pi 
dNTP's (lOmM each) 1 pi 
1:100 1° PGR . 10 pl 
DIUFHjO 37.5 pi 

•Pfu'DNA Polymerase " 0.5 pi • 

96°C 2 min, ' .•■ "■ . V ' ' . / ' 

;95?c Vmin.v- ;- Yv ' : - c : - : - - j -v.' -■- 

58°C 1 min V x35 7 / ' : ■ - - . 

73°c 4 min J, • • ; ■:''■-* * 

73°C 7'.min ■.; • .'. . 



Restriction digests 

2° PGR (gel purified) = . 30 pi 
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Restriction enzyme 2 X pi 

1 Ox buffer 5 pi 

lOOx BSA . 0.5 pi 

DIUF H 2 0 . .10.5. pi 

The enzymes used will be determined by the cut sites incorporated Into the 
PCR primers for each individual PCR. The expression vector pcDN A3. l(-) wflj 
be cut in a similar manner. 
Ligation 

PcDNA3.1(-> cut with same enzymes as. PCR 50ng 
Cut PCR iOOng 
lOx T4 DNA ligase buffer. 2 pi 

T4 DNA Ligase ■ 1 pi 

DIUF H 2 0 up to 20 pi 

'. Transformation 

Transform JM109 using competent cells made ..using Z-competent E.coll 
Transformation Kit and^Buffer Set. and fpllow the manufacturers Instrudripns; - 
Colony PCR 

This will check, for insert in any transformed cells. Follow the same 
protocol for the secondary PCR. 
Mini Preps of colonies with- insert ; 

Use the Wizard Plus SY 'mirilpreps and follow the manufacturers 
instructions. Make glycerol stocks before beginning extraction protocol. 
Sequencing of positive dones " 

Using the Thermo Secjuenase; Primer Cycle Sequencing Kit 

A,C,G or T mik ' 3. pi 

' CY5, Primer tpm/pl 1 pi : 

DNA template lOOrig/pl 5 pi 

.966C.2 min . . v : 
96oC 30 $ec >! ri . , • x25 
61oC 30 sec J 
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Add 6 pi formamide loading buffer and load 10 pi onto sequencing gel. 
Analyse sequence for good clones with no misincorporations. 
Midi Preps 

Prepare plasmid for electroporation using the Qiagen Plasmid Midi Kit 
according to the. manufacturers instructions. 
Electroporation 

Electroporations are. performed as described in /The Bw4 public epitope 
of HLA-B , molecules confers reactivity with natural : killer cell clones that 
express NKbl, a pptative HLA receptor. Gumperz, 3. E., V. Litwin., J. H. Phillips, 
L.L. Lanier and P. Parharn.. J. Exp. Med. 181:1133-1144, 1995, which is 
expressly incorporated herein by reference.": 
Screening for production of Soluble HlA 

An ELJSA is used to. screen for the production of/ soluble HLA.; For 
biochemical analysis, monomprphic monoclonal antibodies are particularly 
useful for identification of : HLA locus products and their subtypes, 

W6/32 is one of the most common monoclonal antibodies (mAb) used 
to characterize human .class VI major histoconipatibility complex (MrtC) 
molecules. It is' directed against monomorphic determinants on HLA- A, -B and 
-C HCs, which recognizes on iy mature compjexed .xlass I molecules and 
recognizes, a conformational epitope on the intact MHC molecule containing 
both beta2-microglobulin (02m) and the heavy ehain (HC).. W6/32 binds a 
compact epitope on the. class i molecule that includes both residue' 3 of 
beta!2m arid residue 121 of the heavy chain (Ladasky JJ, Shum BP, Canavez 
F, Seuanez HN, : parham;P of beta2rmicroglobulin affects binding . 

of class I MHG; molecules: by the. W6/32 antibody. ImmuriogenietiGS 1999 
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Apr;49(4):312-20.). The constant portion of the molecule W6/32 binds to is 
recognized by CTLs and thus can inhibit cytotoxicity. The reactivity of W6/32 
is sensitive to the amino terminus of human beta2-micrdglbbulih (Shields MJ, 
Ribaudo RK. Mapping of. the monoclonal antibody W6/32: . sensitivity to the 
amino terminus of beta2-mfcroglobulin. Tissue Antigens 1998 May;51(5):567- 
70). HLA-C could not be clearly identified in immurioprecipitations vyith W6/32 
suggesting 1 that HLA-C locus products may be associated only weakly with 
- b2m, explaining some of the difficulties encountered In biochemical studies, 
of HLA-C antigens [Stam, 1986 #1]. The polypeptide's correlating With the C- 
locus products iare recognized far better by HC-10 than by W6/32 which 
.confirms that at least some of the C products may be associated with b2m 
more weakly than HLAtA and -B. W6/32 is. available biotinylated (Serotec 
MCA81B) offering additional variations in ELISA procedures. 

HC-10 is reactive with almost all HLA-B locus free heavy chains, the A2 
heavy chains "are only very 'weakly recognized by HC-10. Moreover, HC-10 
. reacts- only with a few HLA-A locUs heavy chains. In addition, HC-lO.seems 
to » react well with free heavy chains of HLAfC types. No evidence for reactivity; 
of H<>10 vyith heayy-chain/b2m complex has been obtained. None of the.. 
immUnoprecipitates obtained with HC : iO contained b2m. [Stam, 1986 #1]. 
This indicates that HC-10 is directed against a site of the HLA class I heavy 
chain that includes the, portion invblved in interaction with the P2m. The 
pattern of ;HC-iO precipitated /nrt^terlaFjs Qualitatively different Ibm' that, 
isolated with W6/32. 

, TP|25 ? 99 detects a determinant in the alpha3 domain of.HLArABCiTt: is 
found on denatured HLA-B (iri Westerri) as well as partially or fully folded 
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HLA-A,B,& C. It doesn't require a peptide or (32m, Le.. it works with the alpha 
,3 domain which folds without, peptide. This makes it useful for HC 
determination. 

Anti-human |32m (HRP) (DAKO P0174) recognizes denatured as well as 
complexed p2m. Although in principle antl-p2m reagents could be used for 
the purpose of identification of H LA molecufes, they are less suitable when 
association of heavy chain and P2m is weak. The patterns . of class I 
molecules precipitated with W6/3 2 and anti- P2m are usually indistinguishable 
[Vasilov, 1983 #10]. " : / 

Rabbit ahti-p2-microg|obulin . dissociates p2-microgiobulin from heavy 
chain as a consequence of binding (Rogers, _MJ., Appella,' E., Pierotti, M. A.> 
Invernizzi, G., and t>armlanl, G. (1979} Proc Natl. Acad. Sci. -U*j5>'A; 76, 1415- 
1419). It also has been repbrted : that rabbit anti-human ^^microglobulin 
dlssociactes ^microglobulin, from HLA heavy chains upon, binding 
(Nakamuro, K., Tanigaki, N., and Pressman, p. (1977) Immunology 32, 139- 
146.).. This anti-human P2m antibody is also available unconjugated (DAKO 
A0072)'. 

The wei/ j^-MLAsanawicn fcLiSA. Sandwich assays can be used to study 
.a number; of aspects of - protein .complexes. If antibodies are available, to. 
different components of a heteropolymer, a two-antibody assay can be 
designed to test for the presence of the complex. Using a variation of these 1 
assays, m 

is hnUltimeric. If the sapYe monoclonal antibody is used for both the solid 
phase and the label, ririononieric: antigens, cannot be detected.. Such 
combinations, hqweyer, rriay detect multimeric forms of the^ these 
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assays negative results may be generated both by multimeric antigen held 
in unfavorable steric positions as well as by monomelic antigens. 

The W6/32 - anti-p2m antibody sandwich assay is dne of the best 
techniques for determining the presence and quantity of sHLA. Two antibody 
sandwich assays are quick and accurate, and if a source of pure. antigen is 
available, the assay can be used to determine the absolute amounts of 
antigen in unknown samples. The assay requires two antibodies that bind to 
non-overlapping epitopes on. the antigen. This assay is particularly useful to 
study a number of aspects of protein complexes. 

To detect the antigen (sHLA), the wells of microtiter plates are coated 
with the specific (capture) antibody W6/32. followed by the incubation with 
test solutions containing antigen. Unbound antigen is washed out and, a 
different antigen-specific antibody (ant?-p2m) conjugated tp HRP is added, 
.followed by another Incubation. Unbound conjugate is washed out and 
substrate is added. After another incubation, the degree/ of substrate 
hydrolysis is measured. The amount of substrate hydrolyzed is : proportional 
to the.amount of antigen in the test solution- 

the major advantages of this technique are that the antigen does not 
need to be purified prior, to use and that the assays are very specific. The 
sensitivity of the assay depends on 4 factors: (1) The number of capture 
antibody; (2) The avidity of the capture antibody for the antigen; (3) The 
avidity of th^ 
labeled second antibody; 

Using jan EUSA protocol template and label a clear ^e-wiell^polystyrene 
assay plate. Polystyrene is normally used, as a microtiter plate. (Because It 
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is not translucent, enzyme assays that will be quarititated by a. plate reader 
should be performed in polystyrene and not PVC plates).' . 

Coating of the W6/32 is p,erformed in Tris buffered saline (TBS); pH 8.5. 
A coating solution of 8.0 pg/ml of specific W6/32 antibody in TBS (pH 8.5) is 
prepared, (blue tube preparation stored at -20"C with a concentration of 6.2 
mg/ml and a volume of i.ml giving 0.2 mg. per tube). 

TABLE III 



No; of Total W6/32 TBS 

plates Volume antibody pH 8.5 

1 10 ml 400 pi 9.6 ml 

2 20 ml 800 |Jl 19.2 ml 

3 30 ml 1200 pi 28,8 ml 

4 40 ml 1600. [}\ 38.4 ml 

5 50 mK 2000 pi 48.0 ml 



Although this is well above the . capacity:; of a microtiter plate, the 
binding will occur more rapidly. Higher concentrations will speed the binding 
of antigen to the polystyrene but the capacity of the plastic is only abogt 100 - 
n^/well (300 ng/em^.sb the extra .protein wilK * (If usingf W6/32 of 

unknown composition or ' concentration, first titrate the amount of standard 
antibody solution' needed to coat the plate versus "a fixed, high, concentration 
of labelled ahtigen., Plot the values and select the lowest level that will yield 
a /strong signal. bo- riot include; sodium azide in any .solutions when 
horseradish peroxidase is used for detection. 

immediately! coat the~micro^ pi or antigen solution 

per well using a multichannel pipet. Standard polystyrene will bihd;aritibcSdies 
or antigens when the proteins are* simply incubated, with the plastic.; The 
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bonds that hold the. proteins are non-covalent, but;, the exact types of 
interactions/are not known. Shake the plate to ensure that , the antigen 
solution is evenly distributed over the bottom of each well. Seal the? plate 

. with plate sealers (sealplate adhesive sealing fiim; nonsterile, 100 per unit; 
Phenix; LMT-Seal-EX) or sealing tape to Nunc-Immunq™ Modules (# 236366). 
Incubate at 4°G overnight. Avoid detergents and extraneous proteins. Next, 
day, remove the contents of the well by flicking the liquid into the sink or a 
suitable waste container. Remove iast, traces of solution by inverting the 
plate and blotting it against clean papeir toweling. Complete removal qfjlqiild; 
at each step is essehtiail for good performance. 

Wash the plate 10 times with Wash Buffer (PBS containing 0.05 % 
Tween-20) using a multhchannel ELISA washer. After the last wash, remove 
any remaining Wiash Buffer by inverting the plate and blotting tit against 
clean paper toweling. After the W6/32 is bound/ the remaining sites ory the 

'.plate must be saturated by incubating with blocking buffer made lof 3°/o BSA 
In PBS. Fill' the wells yvith 200 pi , blocking buffer. Cbver the plates yyith. an ; 
adhesive strip grid incubate bvernight : at 4 6 C.. Alte for at . 

least 2 hours at room' temperature' vyhich is, however, npt the standard 
procedure. Biocked plates may be stored for at least 5 days at 4°C. Good 
pipetting practice is most, irnpbrtant to produce reliable quantitative results. 

.The tips ,are just as important a: part of the systern as the pipette itself. If, 
they a re of inferior quality or dp not fit exactly/ even the best pipette cannot ! 
produce satisfactory hesults. .The pipette Working position aivyays vertical: 
ptherwise. causing too muclr ^ The immersion; depth 

should be Qhly « a few/ rpillimeters ; . Allow the pipetting button to retract 
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gradually, observing the filling operation. There should be no turbulence, 
developed in the tip, otherwise there is a risk of aerosols being formed and 
gases coming out of solution. 

When maximum levels of accuracy are stipulated, prewetting should be 
used at all times. To do this, the required set volume is first drawn in one or 
two times using the same tip and then returned. Prewetting is absolutely 
necessary on the more difficult liquids such as 3% BSA. Do not prewet, if 
your intention is, to mix your pipetted sample thoroughly, with an already" 
present solution, However, prewet only for volumes greater than 10 pi. In 
the case of pipettes for volumes less than 10, pi the residual liquid film is as 
a rule taken into account when designing and adjusting the instrument. The 

. tips must be changed between each individual sample. With volumes < 10 
pj special attention must also be paid to drawing in the liquid slowly, 
otherwise the sample will-be significantly warmed Up by the. frictipnal heat 
generated. Then slowly withdraw the tip from the liquid, if necessary wiping 
off any drops clinging to the outside. . 

To dispense the Set volume hold the tip at ai sMgiht angle, press it 
uniformly as far as the first ?.tpp. In order to reduce the effects of surface. 

;tensioh> the tip should be in contact with the side of the container when the. 
liquid is dispensed. After liquid has been discharged with, thie; meterjng 
•stroke, a short pause is made to enable the liquid running down the inside 

! of the tip to collect at its lower end. Then press it down iswiftly td the 
second . stop, in order to/blow put the.tip vyith the extended 'stroke with which 
the residual liquid can be blown out. in cases that are not problematic (e.g. 
aqueous. solutions) this brings about a rapid and virtually complete discharge 
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of the set volume. In more difficult cases, a slower discharge and a longer 
pause before actuating the extended stroke can help. To determine the 
absolute amount of antigen (sHLA), sarriple values are compared with those 
obtained using known amounts of pure unlaibeled antigen in a standard curve. 

For accurate quantitation, all samples have to' be run in triplicate, and 
the . standard antigen-dilution series should be included on each plate. 
Pipetting should be preformed, without" delay, to minimize "differences in time 
of incubation between samples. All dilutions should be. done in blocking 
buffer. Thus, prepare a standard antigen-dilution series by successive 
dilutions of the. homologous antigen stock in 3% BSA In PBS blocking buffer. 
In order to me^sfure. the amount of antigen in a test sample, the standard 
antigen-dilution series needs to span most of the. dynamic range of binding. 
This range spans from 5 to 100, ng sHLA/ml. A stock solution i E of 1 pg/ml ; 
should be prepared, aliquoted in volumes of 300 pi and stored at Prepare 
a 50 ml batch.of standard at the time. (New batches need to be compared to 4 
the old batch before usied in quantitation). 

- Use a tube pf th^ standard stock solution E to prepare successive 
dilutions. ^ While standard curves, are necessary to accurately measure the. 
amount of antigen in test samples, they are unnecessary' for • qualitative 
"yes/nq" arisyvers. For accurate quantitation, the test solutions containing 
sHLA should be assayed over a number of at least 4 dilutions to assure to be 
within the range of the standard .curye. Prepare serial dilutions 6f .each 
aihtigen test solution in blocking buffer (3% BSA in PBS). After mixing, 
prepare all dilutidiis in dispose well microtiter plates before 

adding them. "to thVW6/32-coated pikes Add 150 pi in. 
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each well. To further proceed, remove any remaining blocking buffer and 
wash the plate as described above. The plates are now ready for sample 
addition. Add 100 pi of the sHLA containing, test solutions and. the standard 
antigen dilutions to the antibody-coated wells. 

Cover the plates with an adhesive strip, and incubate for exactly 1 hour 
at room temperature. After incubation, remove the unbound antigen by 
washing the plate lOx with Wash Buffer (PBS containing 0.05 % Tween-20) 
as described. . Prepare the appropriate developing reagent to detect sHLA. 
; Use the second specific antibody, anti-human P2m-HRP (DAKO P0174 / 0.4 
mg/ml) conjugated to Horseradish Peroxidase (HRP); Dilute the anti-human 
p2m-HRP in a ratio of 1:1000 in 3% BSA in PBS. (Do not include sodium azide 
in solutions when horseradish peroxidase is used 

TABLE IV 



No. of Total anti-p2m-HRP , 3% BSA 

plates Volume antibody : in PBS 

1 10 ml 10 pi 10 mi 

2 20 ml 20 pi 2ml 

3 30 ml 30 pi 30 ml 

4 40 ml 40 pi - 40 ml 

5 50 ml 50 Ml 50 ml 



Add 100 pi of the secondary antibody dilution to.each well. All dilutions 
should be done in blocking buffer. Cover with a new adhesive strip and 
incubate fqr.20 minutes. at room temperature/ .. Prepare thie appropriate 
amount of substrate prior to; the wash step. Bring the substrate to' room, 
temperature. 
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OPD (o-Phenylenediamine) is a peroxidase substrate suitable for use 
In ELISA procedures. The substrate produces a soluble, end product that Is 
yellow In color. The OPD reaction is stopped, with 3 N H2SO4, producing an 
orange-brown product and read at 492 nm. Prepare OPD fresh from tablets 
(Sigma, P6787; 2 m<g/tablet). The solid tablets are convenient to use when 
small quantities of the substrate' are required.* 'After second antibody 
. incubation, remove the unbound secondary reagent by. washing the plate ibx 
with Wash Buffer (PBS containing ^ 0;05 b /o tween720). After the final wash, 
add .100.pl of the OPD substrate solution to each well , and allow to develop 
at room temperature for 10 minutes. Reagents of the developing system, are 
light-sensitive^ thiis, avoid placing the plate in direct light. Prepare the 3 IM 
H2SO4 stop Solution. After 10; minutes,, add 100 pi, of stop . solution per 100 '. 
pi of reaction mixture to each - well. Gently tap the plate to ensure thorouigh 
mixing. . 

Read the ELISA plate at a wavelengthjpf 490 nm vvithiri, a time period 
of 15 minutes after stopping the reaction. The background should be around 
0.1. .If; your backgrounds higher,; you miiy have contaminated the substrate 
with, a peroxidase. If the substrate background is low arid the background in 
your assay is high, this may be due to insufficient blocking. Finally analyze 
your readings. Prepare a standard curve constructed from the data produced : 
by . serial dilutions of the standard antigen. To determine the .absolute 
BrtioLint' of. antigen, compare * those'.: obtelrifed 1 from", the • 

standard, curve: 
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Creation of Transfectants and Production of Soluble Class I Molecules 

Transfectants were established as previously described (Prilliman, KR 
et al., Immunogenetics 45:379, 1997, which, Is expressly incorporated herein 
by reference) with the following modifications; a cDNA clone of B*1501 
containing the entire coding region . of the molecule was: PCR amplified in' 
order to generate a construct devoid of the cytoplasmic domain using primers 
5PXI (59-GGqCTCTAGAGGACTCAG 

(59<CGCGAATTCTCATCTCAGGOT as shown in TAEfLE V. Constructs 

were also created containing a C-terminal epitope tag consisting of either 6 
; consecutive histidines or the FLAG epitope (Asp-Tyr-Lys-Asp-Asp-Asp-Aspr 
Lys). TABLE V Primers, utilized to create B*1501-HIS and B*150.1-FLAG were 
5 P X I . V a -n d ^ P; E • I H I . S ( 5 9 - 

CcdCGAATTCTCAGTGGTGGTGGfG or 
' 3 P ••■ : -E: 'I : - F L /.,;. A / • G ; * "■ ( ■ : ; '-5- + 9 -\ 

CCGCGAATTCTtiACTTGT PCR 
amplicons; were, purified Citing a Qiagen Spin PtR purification kit (Qiagen, 
Levsden, The Netherlands) and cloned ^ into' the manlmalian expression vector 
pCDNA 3:1 (Invitroge^ Carlsbad, CA/LIS^). TABLE V. After confirhnatioh: of 
irisert . integrity ; by bidirectional DNA sequencing, constructs were 
electrpporated into the class I negative, B-lymphoblastoid cell line 721,221 
fPriliiman/ KR et aL> 1997, previously incorporated herein by reference). 
Transfectants were maintained/ In? medium containing G418 J; pbst- 
eiectroporation and subdpned in order to ..isolate efficient producer^ of soluble 
dass I; as determined by ELISA ;(Prilljman>: KR/et al, 1997; previously 
incorporated "herein by reference). ;■' 
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Soluble B*1501, B*1.56i-HIS, and.Bf/l501- : F^G-Wierep a r^ucpd by culturing 

established transfectants in CP3000 hollow-fiber bioreactors as previously 

described by Prilliman ei a/, .1997, which has previously been incorporated 

herein by reference. Supernatarits containing soluble class. I molecules were 

collected in bioreactor harvests and purified on W6/32 affinity columns. At 

least 2 column purifications were performed per molecuie. 

Ligand Purification, Edman Sequencing, and Reverse-Phase HPLC 
Separation of Peptides 

Peptide ligands weire purified from class I molecules by acid elution. 
(Prilliman, KR : et a!., Immunbgehetics 48:8.9, 1998 which is expressly 
incorporated herein by reference) and further separated from heavy and light" 
chains by passage through a , stirred . cell (Millipbre, ' Bedford, MA/ USA) . 
equipped with a 3-Kd cutoff membrane (Millipore). Approximately. 1/lGO 
volume of stirred cell flow through containing peptide eiuted from either 
B* 1 5Q 1/ B* 1 50 1 -HIS, or B* 150 i-FLAG was subjected to 14 cycles of . Ed man 
degradation on" a 492A pulsed Jiquid phase protein sequencer. (Perkin-Elmer- 
Applied Biosystems Division^.Norwalk, iCT, tJSA) without the derivitization of 
cysteine/ Edman motifs were derived by combining from multiple cblumn 
(elutions the picorriolar yields of each amino acid and then calculating the fold 
increase oyer previous, round as described, in (Prilliman, KR et al,, 1998, r, 
previously incorporated herein by reference) and are shown in FIG* 2. 

\ ; Podled\-peptlde ' eluate .was separated-, into fractions by RP-H^LC as. 
previously described (Prilliman, KR et al, 1998, previously incorporated herein 
by reference)., Briefly/400-mg aliq in 100 mi : 

of ,10% acetic. acid and loaded bnto a 2.1 3 150 mm C18 column (Michrom 
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Bioresources, Auburn, CA, USA) using a gradient of 2%-10% acetonitrile with 
0.06% TFA for 0.02 min followed by a 10%-60% gradient of the same for 60 
min. Fractions were collected automatically at 1-min intervals with a flow rate 
ofi80ml/min. 

Mass Spectrometric Ligand Analysis 

RP-HPLC fractions were speed-vacuumed to dryness and reconstituted 
in 40 ml 50% methanol, 0:5% acetic acid. Approximately 6 mj from selected 
fractions were sprayed into an API-Ill triple-quadrupole mass spectrometer' 
(PE Sciex,: Foster City, CA, USA) using a NanoES ionization source inlet 
(Protana, Odense, Denmark). Scans were collected while using the following 
instrument settings: polarity—positive; needle voltage— 1375 V; orifice 
voltage —65 V; N2 curtain gas— 0.6 ml/mtn; step size— 0.2 amu; dwell 
time— 1.5 ms; and mass range— 325-1400. Total, ion traces generated frpm 
each molecule, were compared visually in order to identify ions overlapping 
between molecules.: Following identification of ion matches^ individual ions 
were selected for MS/MSsequencing. 

Sequences w^r^ predicted using the 
algorithm predict sequence; and fragmentation patterns , further assessed 
manually. Determinations of ion sequence horriology to;, currently compiled 
sequences were performed using - advanced \. BLAST searches against the 
npnredundant, human exposed, sequence tag,; v.^nd unfinished high 
throughput geno^ databases currently available 

through the : Rational . Center ^fbr; ; Biotechnplogy Information (National 
Institutes of Health, Bethbsda; MD, USA). 
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The methodology of the present invention provides a direct comparative 
analysis of peptide iigands eluted from class I HLA molecules'. Ip order to 
accomplish such comparative analyses , hollow-fiber bioreactors for class . I 
ligand production were used along, with reverse-phase HPLC for fractionating 
eluted Iigands, and mass spectrometry for the mapping and sequencing of 
peptide Iigands. The application of comparative ligand rriapping also is 
applicable to cell lines that express endogenous Class I; Prior to peptide 
sequence determination in 'class I positive cell lines, the effects of adding a 
C-terrtiinal epitope tag to transfected class; I molecules was found to have no 
deleterious effects, * Either a tag consisting of 6 histidines (6-HIS) or a tag 
containing the epitope Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys (FLAG) was added, 
to the C-termjrius of soluble B*1501 through PGR; Thes£ constructs were then 
transfected into class I negative 721.221 cells and .peptides purified as 
previously established (Prilliman/ KR et al, 1998/ previously "incorporated ( 
herein by reference). Comparison of the two tailed transfectarits with the 
untailed, soluble B* 1501 ailbwedfor the determination that tag addition had 
no effect on peptide binding specificity of the class I molecule and 
consequently had no deleterious effects on direct peptide ligand mapping and 
sequencing. 
Edman Motifs 

The most common, means for jdisdernlng Iigands presented by ; a, 
particular class I molecule; is Edman sequencing- the pool of peptides eluted 
from .that molecule, in order to ^ demonstrate that tailing class I; molecules 
with Gterminal tsigs does .not disrupt endogenous peptide loading; . Edniah • 
sequences -of th6* peptide pools from ' B^iSOi^B^lBbl:^!^, and B*1.501-'flAG , 
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was compared with previously published B* 1501 .data FIG. 2. Motifs were 
assigned to each of the various B*1501 molecules as shown in* FIG. 2. At the 
anchor position 2 (P2) a dominant Q and subddmiriaht M was seen in motifs 
as previously published by Falk et al. (Irrimunogenetics 41:165, 1995) and 
Barber et a/. ( J Exp Med 184:735, 1996). A more disparate P3 is seen in all 
molecules with F, K, N> P, R, and Y appearing; these results have also been 
previously reported by Falk and Barbjer. Again, a dominant Y and F are seen 
as the C-tierrnihal anchors at.P9 in all three molecules; The motif data for all 
three moiecules are in close.accord, therefore, with the published standard 
motifs. 

Mass Spectrometry Profiles 

. Comparison of motifs for the surface bound, riontailed, and tailed 
B*i5Ql molecules v identified no substantial differences, in the pooled peptides 
bound by the various forms of B*l 501 tested; \However, the aim of the 
present invention is to subtractiveiy corhpare the individual peptides bound 
by class I molecules from diseased and; healthy cells. Subtractive analysis is 
accomplished through, the corn pa rispn of rnass spectrometric ion. meips and, 
as $uch, the Ion maps. 

of tallied arid untailed class I ririoiecules were compared in/order to determine 
the effect of tailing upon comparative peptide mapping. 

Peptides derived; from tailed and untailed B*15pl were separated into 
fractions via reverse phas^ HPLC (RP-H 

using ah API;III maSs spiectrprrieter-in order to identify ions present in each 
fraction. Overall ion scans from RP-HPL^ fractions 9, ID, 11, 18, i9> and 20 
were^ prbduc|ed and^ visually compared* in . or^er to assess ions' representing - 
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peptides overlapping between the three molecules. FIG; -3; depicts a 
representative section of the ion maps generated from each of the molecules. 
This comparison shows that the same pattern of ions is produced by the 
different B*1501 molecules analyzed here. The manual comparison of Ion 
maps from each of the three fractions found little to no. difference in the 
peptides bound by each of the three molecules;, 
Ligand Sequences 

After identification of ion matches in MS chromatograms of each of the ' 
three molecules, individual ions were chosen for sequencing by tandem mass 
spectrometry in order to determine if ions were indeed matched at the 
peptide-sequence level. Ten ions from each fraction were initially selected for 
MS/MS sequence generation. Fragmentation patterns for each, of the ions from 
each molecule were manually compared and identical-fragmentation patterns 
were counted as peptide-sequenee level matches, as illustrated in RG. 4. 
Of the peptide fragmentation patterns examined, 52/57 (91%) were exact 
matches between the untaiied molecules and the 6-HIStailed protein (TABLE 
VI)' A more disparate pattern of fragmentation was identified in the FLAG- / 
tailed ions selected for MS/MS sequencing : of: the 57 ions selected for MS/MS 
fragmentation ^ .comparison, 39: (70%) fragmentation patterns matched 
between the FLAG-taifed arid lintaiiled . molecules.. Overall, 91 out of 113 
(81%) spectr^ exar^ihed were in accord between the tailed molecules arid 
soluble 1 50 1 . . 
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TABLE VI 



Molecules 




Ions Examined 


Ion Matches 


Percent 
Matched • 












B*1501-HIS 




57 


52 


91% . 


B*1501-FLAG 




.. 56 


39 


; 70% 


B*1501-fagged 




113 


•" 91 


81% • 



. Several . liga rid sequences were clearly determined from the 
fragmentation patterns produced. The ligand. QGLJSRGYSY, deriving from 
human periplakin, was sequenced from those peptides eluted in fraction 18. 
A second ligand, AVRDISEASVF, an li-mer matching a span of the ,40S. 
rlbosomaf protein S26^ was identified in fraction 20. Notably, these two. 
peptides lacked the strong consensus glutamihe expected by the motif data, 
a phenomenon previously reported by our laboratory when sequencing 
B*1501-eluted Hgands' (PriUimari, KR et al, 1997, previously incorporated 

• herein by reference). Both these ligands, however, terminate Jwith an 
aromatic- ^ tyrosine br pheriylalahine; / these amino acids were both predirt£d 
to be strong anchors by Edman sequencing\data and by previously published 
bbservaiiphs (Prilliman, KR et al, 1998, previously, incorporated herein, by 

•reference);'. ■ \- ' '! : v ' , . V." -A'-' 

:/.}' One embodiment of the present 

peptide ligands bound by a given class I molecule by transfecting that 
molecule into a class I negative cell line arid affinity purification of the class 
I molecule and bound peptide. Complications arise, however> .when cell Ithes 
are chosen for study that already possess class I molecules. Irf this cbse/ 
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antibodies specific for one class I molecule must be used to selectively purify 
that class I molecule from others expressed by the cell. Because allele- 
specific antibodies recognize epitopes in and around the peptide binding 
. groove, variations in the peptides found in the groove can alter antibody, 
affinity for the class I molecule (Solheim, JC etal., J Immunol 151:5387, 
1993; and Bluestone, JA etal., J Exp Med 176:1757; 1992). Altered antibody 
recognition . c^n, in turn, bias the peptides available for elution and 
subsequent sequence analysis. 

In order to selectively purify from a class I positive cell a transfected 
class I molecule and its peptide ligands in an unbiased way, it was necessary 
to alter the embodiment for class I purification Jn a non-class I positive cell. 
The C-terminal addition of a FLAG and 6-HIS tag to a class i molecule that 
had already been extensively characterized, B*1501 Was shown to have little-.' 
or; no effect on peptide binding. This, methodology was designed to allow 
purification of a single; class I specificity from a complex mixture of 
endogenously expressed class I molecules: Ligands el u ted from the tailed 
•ancTun tailed B^lSOl^molecule were compared to assess the effect of a tail 
addition on the peptide repertoire. 

Pooled Ednrian sequencing is the commonly used, method to determine 
the binding fingerprint of a given molecule, and this methodology was used 
to ascertain the large-scale effect of tail addition upon peptide binding. We 
subjected i/iOO of the peptides eluted. frorh each class I MHC molecule to 
Edman degradation and derived motifs for each, of the molecules; Both the 
HIS- and FLAG-taHed motifs rriatched published motifs for the .soluble and 
membr^ne : b6urid B*1501; Each of the: molecules exhibited motifs bearing a 
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dominant P2 anchor of Q, a more disparate P3 in which multiple residues 
could be found, and another dominant anchor of Y or F at P9. Srtiall 
differences in the picomolar amounts of each of the amino acids detected 
/during Edman sequencing have been noted previously In consecutive runs 
with the same molecule and most likely reflect differences in cell handling 
and/or peptide isolation rather than disparities in bound peptides. Highly 
similar peptide motifs indicated that the peptide binding capabilities of class 
t MHC rholecules are not drastically altered by the addition of a tag. 

In order to insure the ligahds were not skewed after tag addition, MS 
and MS/MS were used for the mapping and sequencing of individual peptides, 
respectively. Peptide mixtures subjected. to MS provided ion chromatograms 
(FIG. 3) that were used to compare the degree of io'ri. overlap between the 
three examined mdleicules. Extensive ipn overlap. ^indicates that the peptides 
bound by these tailed and untailed B*1501 molecules were nearly identical. 

Selected ions were then MS/MS sequenced in order to confirm that 
mapped , ion overlaps indeed represented exact ligand matches through 
cbmpariison pf frajgmehtatlbh the three molecules (Fig. -4): 

Approximately 60 peptides were chosen initially for MS/MS— ten from each 
fraction. Overall/ fragmentation patterns were exact matches in a majority of 
the ^peptides examined (TABLE VI). Fragmentation patterns categorized as 
no ri matches resulted from- a '^bctere'6f\pep^des present at the same mass 
to ch-arge ratio, one or more of which . was present in the tagged molecule arid 
not apparent in thie spectra '»me-l6rV : ftt>m ■ B^lSttl"-. CM the- sequence-'-, 

level matcheis/ lig from./HIS-tailed : m more closely 

matched those "derived from 0*1501 than' those eluted : from FLAG-taited 
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molecules. In total, 52/57 HIS peptides were; exact matches; whereas. 39/56 
FLAG peptides were equivalent. Thus, the data indicates that the 6-HIS tag 
is less disruptive! to endogenous peptide binding than is the FLAG-tag, 
although neither tag drastically altered the peptides bound by B*150i., 

A handful of individual ligand sequences present in fractions of peptides 
eluted from all three molecules were determined by MS/MS. The tvyo clearest 
sequences, AVRDISEASVF. and QGLJSRGYSY/ demonstrate that tailed class I 
molecules Indeed ; load endogenous peptide, ligands. This ; supports the 
hypothesis that addition of a C-terminal tag does riot abrogate the ability of 
the soluble : HLA-B*1 501 molecule to naturally bind endogenous peptides. 
Further, both peptide sequences closely , matched those previously reported : 
for B*1501 -eluted peptides having a disparate N-terminus paired with a! more 
conserved C-terminiis consisting of either a phenylalanine, or a tyrosine. 
Given the homologous Ednian - sequence, largely . identical fragmentation 
patterns, arid the peptide ligands shared between the .three molecules, we", 
conclude that addition of a Crterrninal tag does not significantly alter the 
peptides; bound by B^isoi.: : Mapping :and subtractively fc^ eluted 
peptides, ai direct means; for' identifying, differences and similarities In the 
individual ligands bound by a class , I HLA ; molecule/ Indeeid, .' subtractive 
cprhparisqris demonstrate how overlapping ligands bind across closely rented 
H^'Bi&sjjbtypeijS as well as pointing out which ligands are unique to yjriis- 
• infected cells: Direct comparative analyses of eluted peptide ligiands is well 
suited for a number of purposes, ndt the leasit of which is viral arid cancer 
C^L epitope discovery. Add a 
feasible: method for production and purification of class. J molecules,; and 
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therefore, peptide ligands In cell lines capable of sustaining viral infection or 
harboring neoplastic agents, as illustrated in FIG! 5. Direct peptide analysis 
from such lines .should yield important information on , host control of 
. .pathogenic, elements as well as pirovide important building blocks for rational 
vaccine development. 

The present invention further relates in particular to a novel method 
for detecting those peptide epitopes which distinguish the infected/tumor cell 
from the uninfected/non-tumor cell. The results obtained from the present 
inventive methodology cannot be predicted or ascertained indirectly; only 
with a direct epitope ! discovery method can the unique epitopes described 
herein be identified.: Furthermore, only with this direct approach can it be 
ascertained that the source protein is degraded into, potentially immunogenic 
peptidie ^epitopes. Finally, this unique approach/provides a glimpse of which 
proteins are uniquely up and down regulated in infected/tumor cells;* 

The utility of such i HLA-presented peptide epitopes which, mark, the 
irifecteid/turrior cell are three-fold. First, diagnostics designed to detect a . 
disease state " (i ? e., infection ..oh.-capcer)'^n^ : use-' epitopes unique to. 
infected/tjjiTior cells to ascertain the presence/absence of a tumor/virus. 
Second, epitopes unique to infected/tumor cells/represeht vaccine candidates. 
Here, we describe epitopes whl^^9^se\on^ja..surCace.6f cells infected with : 
HIV. . Such; epitopes could not be predicted without natural virus infection and 
direct epitope discovery. The epitc^p^s detected: are derived from proteins 
unique to virus infected and tumor, ceils. ' Thesie epitopes, can be used for 
virus/tumor vaccine development . and virus/tumor : diagnostics. Third, the 
process indicates, that particular proteins unique to virus infected cells . are 
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found in compartments of the host cell they would otherwise not be found in. 
Thus, we. Identify uniquely upregulated or trafficked host piroteins for drug 
targeting to kill infected "cells.. 

The present invention describes, in particular, peptide epitopes unique 
to HIV infected cells. Peptide epitopes unique -to the HLA molecules of HIV 
infected cells were, identified by direct comparison to HLA peptide epitopes 
from uninfected cells. 

As such, and only by example, the present method is shown to be 
capable of identifying: (1) HLA presented peptide epitopes, derived from 
intracellular host proteins, that are unique to infected cells but not found on 
uninfected cells, and (2) that the intracellular source^prpteins of the peptides; 
are uniquely expressed/processed in HIV infected cells such that peptide 
fragments 6f the proteins can be presented by HLA^oh infected -cells but not 
on uninfected cells. 

The : method of the present Invnetion also, therefore, describes the 
unique expression of proteins in infected cells or; alternatively, the. unique 
trafnckihig' and processing : ;qf norppiaily* .expressed hbst proteins such that 
peptide fragments thereof are presented by HU^ molecules on infected cells.; 
These HLA presented peptide fragments - of intracellular proteins represent 
powerful alternatives for diagnose -yirus infetted cells arid for targeting 
infected cells for destruction, (he;, vaccine development). 

A group of the host source^ proteins .Tor HlA preisented peptide epitopes . 
unique to HIV infected ,' cells represent source-proteiris .that are- uniquely 
expressed in cancerous cells. For example/ thrbiigh using! the methodology 
of the present invention a peptide fragmerit o^ 
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on HIV infected cells. A literature search indicates that the reticulocalbin 
gene is uniquely upregulated in cancer cells (breast cancer, liver cancer, 
colorectal cancer). Thus,, the HLA presented peptide fragment of 
reticulocalbin which distinguishes HIV irlfected cells from uninfected cells can 
be inferred to also differentiate tumor cells from healthy nbn-tumbr. cells, 
Thus, HLA presented peptide fragments of host genes and gene products that 
distinguish the tumor cell and .virus Infected cell frorn healthy cells have been 
directly identified. The / epitope discovery method of the present invention 
is also capable , of identifying host proteins' that are uniquely expressed or 
uniquely processed on virus Infected or tumor cells. HLA presented peptide 
fragments of such uniqueily, expressed or uniquely processed proteins can be 
used as vacciriie epitopes and as diagnostic tools. . 

The methodology to target and detect virus infected ceils may hot be 
to target the virus-derived peptides. Rather, the methodology of ' the present 
invention indicates that the way to "distinguish infected cells from healthy 
cells is * through alterations in host ; encoded protein expression and 
processing. * This is true for cancer as well as \for^lhjs-.lnfed:^\ < «lfs'."' The 
methodology according to the present invention results in data which 
indicates without reservation that proteins/peptldes distinguish virus/tumor 
cells, from healthy cells.; 

Example of Comparative Ligand Mapping in Infected and Uninfected Cells 
Creation of Soluble Class I Construct 

• ^^-transformed cell lip^s . expressing alleles of interest (particufarty 
A*0201,: B*0702; and Cvy*0702) were growW ahd class I HLA typed 1 through, 
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the sequenced-based-typing methodology described in Turner et al. 1998, J. 
Immunol, 161 (3) 1406-13) arid U;S. Patent No. 6,287,764 Hi|debrand et ah 
both of which are expressly incorporated herein in their entirety by reference. 
Total RNA was 5pXI and 3pEI, producing a product lacking the cytoplasmic 
and transmembrane . domains. Alternatively, a 3' primer Encoding a hexa- 
histidihe . or. FLAG epitope tag was placed ori the. C-terminus ~ using the 
primers, 3pEIHIS or 3 p EI FLAG (TABLE V). For the C-locus, a 5'primer was used 
encoding the Kozak consensus sequence. (Davis, etf al. 1999. J. Exp: Med. 
189: '1265- 1.274). • Each construct was cut with thfe appropriate restriction 
endonculease (see TABLE V) and cloned into the mammalian expression 
vector pGDNA 3.1- (Inyitrogen, Carlsbad, GA) encoding either 6 resistance 
gene for.G418 sulfate or-Zfeociri (Inyitrogen). 

Transfection in Sup-Tl cells. Sup-Tl T cells were cultured jn RPMI 1640 hk". 
20% fetal calf serum at 37°C and 5%. C0 2 . Cells were spilt daily In order to 
maintain iogr phase grovyth. Pl^smid DNA was purified using either Qiageh 
l^idi-prep ; kits (Qiagen, Santa Clarita) or Biorad Quantum Prep Midiprep Kit 
"(Bforad,. vHercules/ Ca)V. according, to the. manufacturer's protocol and 
i"esu$pended in sterile QNAse-free water. Cells were eiectroporated with 30 
pgs of plasmid, DNA at a voltage of 400 mV and a capacitance of 960 pF. 
Decay constants were monitored throughout electroppration andv drily 
transfections with decay times uhder,25 mS were carried through to selection. : 
Selection was performed on day 4 ^ pqst-trarisfecfion with .45 mg/mL Zeocin 
(Invltrogen) selediive; medium containing 30% fetal calf with the pH adjusted 
visually. to : just higher than- neutral.; • Cells wer^ resusperided in selective ''' 
medium at 2 x 10^6 cells per ml, fed until they ho longer turned the wells 
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yellow, (using the pH indicated Phenol Red (Mediatech)), and allowed to sit 
until cells began to divide. After the appearance of active division, cells were 
slowly fed with selective medium , until they reached medium (T-75) tissue 
culture flasks. Cells were then subcloned at limiting dilutions of .5, 1, and 

* 1.5 cells per well in 96-well tissue culture, plates- Cells were allowed to sit 
until well turned, yellow, they Were then gradually moved to 24 well plates 
and small (T-25) tissue culture flasks. Samples were taken for soluble .class . 

' i ELISA, and the best producers of class I were frozen for later use at 5 x 
10 A 6. cells/ml and stored at-135°C. 

Soluble MHC class IE LISA. ELISAs were employed to test the concentration 
of the MHC class I/peptide complexes in cell culture supernatants. the 
-monoclonal-antibody W6/32 (ATCQ Mariassas, Va) was used to coat 96-welf 
Nunc Starweil Maxi-sorp plates (VWR; West Chester, Pa). One hundred pis 
of test sample containing class I was loaded into each well of the plate. 
Detection was with anti^0B2 microglobulin (light chain) antibody conjugated . 
to horse-radish peroxidase followed by incubation with OPb (Sigrna, St. Loiite, 
MO) . EllISA values were read by a Spectra Max 340 iOOA, Rom .yersipn 2.04/ 
February 1996, using the program. Softmax Pro Version 2.2. 1 from Molecular 
Devices. For determination of MHC class I complex iri; carboys prior to affinity: 
purification (see below), each saimple was tested in triplicate oh at least 2 
^separate plates. Uninfected and infected! harvest concentrations were, read 
oathe same plate and uninfected samples were brought to 1% Triton X 100. 
prior to loading on the ELISA plate/ This was in an attempt tb minimize/ 
variability in mass spectra generate diie to large differences, in the . amount 
of peptide loaded onto affinity .columns: . 
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Full-length construct creation. Full-length constructs (in the pCDNA3.1- 

* . •* 

. /G418 sulfate resistance vector) were created and transfected ihto the class 
I negative B-LCL 721.221 and T2\ Both cell lines were cultured in RPMI-i640 
+ 10% fetal calf serum until growing at log/phase. Cells were eleictrbporated . 
at i25 V and 960 pF capacitance: .After 2 days, the cells were pelleted and 
resuspended in selective medium consisting of RPMI-1640 + 20% FCS + 1.5 
mg/ml G418 sulfate (Media tech, Herndon, Va). Cells Were treated in the 
same manner as above (Sup-Tl transfection) after this point. 
Cell pharm production. Eight liters of Sup-Tl soluble MHC class I 
transfectants cultured in roller bottles In RPMI-164Q. + 15% FCS + 100 U t 
penicillih/streptomycin' were centrifuged for ip min at 1100 X g. Supernatant 
was discarded and a total of 3 X io^ 9 total cells were resuspencled in 200 
mis of conditioned medium. Infected cells were then added to a feed bottle 
arid inoculated through the ECS feed pump of ^ Unisyn CP2566 cell pharm 
(Unisyn, Hopkington, MA) into 30 kD molecular-weight cut-off hollow-fiber 
bioneartors previously primed with RPMI-i<540 containing .20% . fetat calf 
serum. Cells were allowed "to incubate overnight in the bioreactor at a 
temperature of 37°C and at a pH of 7.20 maintained automatically through 
CO ? injection into the! medium reservoir of the system. No hew medium was 
introduced /into the system during this ti me period and the ICS, recirculation 
was maintained at. a low value of 400 mls/minlite. ECS feed was begun 12 
hours post inoculation at a rate of 100 mis/day with 15% FCS supplemented 
RPMIrl640; ; ICS feed was likewise begun at a rate of i L/day ECS 
recirculation was; initiated at day. 2"ppst-inpculatioh at a rate of A: t/day. EtS 
and ICS samples were taken at 24-hour intervals and sHLA ELISAs (see 
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above) and glucose tests performed. ECS and ICS feed rates as well as ECS 
and ICS recirculation rates were adjusted based on increasing concentrations 
of sH LA in the harvest and decreasing levels of glucose in the ICS medium. 
Virus production and infection HIV MN-1 production. HIV MN-i cloned 
virus (Genbank Accession- Number M17449) was thawed from frpzen stock and . 
used to infect 25 X 10^6 hpn-transfected Siip-Ti (Denny Ct, et. al. 1986. ' 
Nature. 320:549.51/ which is expressly incorporated herein in its entirety by 
reference) T cells using standard : methods. Cells were cultured in RPMI-1640 
>20% fetal bovine serum (MddiaTech) for 5 days and observed for syncltia 
formation.- Upon ^ formation, of syncitia/ new cells were added in fresh RPMI- 
1640/20% PCS. Culture was . continued for 5 mpre days when .1(30 mis of 
infected dells-were removed. Supernatant was passed through a :45 urn filter" 
and cell-free^ virus was aliqubtted and stored at; -80 6 C. , .This process was 
continued; until an appropriate amount of virus, was harvested. 
rtlV-i Nt4-3- production. The infectious molecular clone pNL4-3 (Genbank . 
"Accession^Number AF324493) Was transformed jntothe Esherichla : coll strain 
ToplQF' (Invitrpgen, 'Carlsbad> Ca). Plasrnid. DMA was midiprepped^ from 
transformed cells using either the Qiagen* Midi Prep Kit (Qiagen, Santa - 
Clarita, Ca) or the Bibrad Quantum Prep Midiprep Kit (6iprad, Hercules, Ca) 
according to the manufacturer's instructions. - Plasrnid DWA was us^ tp. 
tiransfect 293T cells (GenHunter Corporation, Nashyilie, TN) using Roche's 
Fugene 6 reagent (Roche;. Basely Switzerland) following the manufacturers 
protocol. Virus^contaihinig supernatant was harvested at 24, 48, and 7-2 hours, 
clarified by centrifugatipn at 500 iX Q for 10 mih,. aliquotted, arid stored at" 
-80°ci Sup-O 7 ! transfectants contalning-either soluble A*0201> B*0702,;or 
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Cw*0702 were cocultured with virus resulting in high-titre virus. After 72 
hours, infected cells were centrifuged at 1100 X g for 10 minutes. 
Supernatant containing cell-free virus was removed, parsed through a .45 pm 
filter, aliquotted, and stored at -8b°G. Virally-rinfected cells were 
resuspended in freeze medium (RPMI-164Q + 20% FCS + 10% DMSO) at 
approximately 6 X10^6 cells per ml and stored at -80°C. 
Viral Titer .Determination. One vial of frozen viral stock derived from either 
strain of HIV was thawed and used in a TCID^ assay scored two ways: 1) 
weils Containing at least 3 syncitia were considered positive or 2) wells 
containing oyer 50 ng/ml p24 antigen as determined by .ELISA were 
considered positive. The TCID 50 was then calculated using the Spearman- 
Karber method (DAIDS Virology Manual for HIV Laboratories^ Jan. 1997). The 
average of both scoring methods was used as the final titer of the virus. As 
a second means of viral titer monitoring/ viral stock was used undiluted in a 
p24 ELESA (Beckman Coulter, Miami, Fl) in; order to determine the ngs of p24 
present in cell-free virus. 

P24 ELISA. Determination of HIV:p24 major core protein was determined by, 
the commercially available Beckman Coulter p24 ELJSA according to the 
manufacturer's instructions with the exceptions of the following 
modifications: samples yvere. treated with 10% Tritpn-X 100 prior to removal 
from a BSL-3 facility ^therefore the inactivatioh medium included . in the kit 
was hot used. J Secondly, samples were serially diluted In water prior to use. 
Hollow-fiber bioreactor culture of infected cells. All work including large- 
scale culture of HIV was performed in a Biosafety Level 3 .Laboratory jn 
accordance with guidelines set forth by the National / Institutes' of He^ 
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HIV MN-i frozen viral stock aliquots were thawed and ppoled to a 100 ml 
total volume; containing approximately 5^5 X 10^6 TCip 50 's> Eight liters of 
Sup-Tl soluble. MHCcla^s I transfectants cultured in roller bottles in RPMI- 
1640 + 15% FCS + 100 U penlcillin/streptpmydn were cehtrifuged for 10 min 
at 1100 X g. Supernatant was discarded and a total of 3 X 10^ 9 total cells 
were resusDended in 200 mis of conditioned medium. .The 100 mis of ceil- 
free HIV MN-1 was then added to the resuspended cells and Incubated at 
37°CJn %5 C0 2 for 2 hours With gentle shaking every '20 minutes. Infected 
cells were then added to a feed bottle and inoculated through the ECS feed 
pump of a Unisyn CP2500 cell pharm (Unisyn, Hopkirigtoh; MA) into 30 kp 
molecular-weight cut-off hoilow^fiber bioreactbrs previously primeid with 
RPMI-1640 containing 20% fetal calf serum.; Cells were allowed to incubate 
overnight in the bioreactor at e temperature: of 37?C and at a pH of 7.20 
maintained automatically through C0 2 injection into the medium reservoir of 
the system. .No hew, medium was introduced into the system during this time 
period arid- the recirculation was maintained at a low value of, 400, 
mis/minute. ECS feed was begun 12 hours post inoculation at a rate, of, 100 
mis/day with 15%/FCS supplemented RPMI-1640; ICS feed was likewise » 
begun at a rate of 1 L/day. ECS.and ICS samples. were taken at 24- hour 
intefvals, inactivated by addition of Tritoh-X 100 to i%, and sHLA ELISAs, 
p>24 ELiSAs, and glucose tests performed as; described above. ECS and ICS 
feed-rates as well as ECS and ICS recirculation, rates were adjusted based op 
Increasing concentrations of sHLA. fn the harVe^t and detreasing . of 
glucose in the ICS medium. 
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Soluble HLA purification. Soiuble-HLA containing supernatant was removed 
in 1.9 L volumes from infected hollow-fiber bioreactors. Twenty-percent 
Trfton-X 100 was sterilized and placed in 50 ml aliquots in 60 mis syringes; 
2 syringes were injected into each 1.9 L harvest, bottle as it. was removed 
from the cell pharm, resulting in a final TX 100 percentage of 1%. Bottles 
were inverted gently several times to mix the tX 100 and stored at 4°C for. 
a minimum of 1 week. After 1 week; harvest was centrifuged at 2000 X g for 
10 minutes to remove' cellular debris and pooled into 10 L carboys. An 
aliquot was then removed 1 from the pooled, HIVrinactivated supernatant and . 
used in a quantitative TCID 50 assay (as described above) and used to initiate 
a coculture y/ith Sup-Tl's. Only after demonstration of a completely negative 
coculture as well as tCID 50 were harvests removed from the BSL-3; * 
Class 1/ Peptide Production and Peptide Characterization Handling of 
MHC class!/ peptide complexes from infected cells. Each lOLpfceli pharm 
harvest was separated strictly on a temporal basis during the cell pharm run. 
(This was an attempt to assess any : erjitopic changes that might occur 
temporally 'during infection as opposed to those thdt might occur, more . 
globally.) Harvest Was treated exactly as described above,, except" for the 
removal of a 2 ml aliquot for, tests in both a TCID 50 assay and cell coculture 
assay to determine infectiyity of the virus. 

Affinity purification of infected and uninfected MHC class I complexes! 

Uninfected arip infected- harvest removed from CP2500 machines were treated 
in an identical manner post-removal from the cell bhafm^ 
mgs total class I. as measured by W6/3Z passed over , 

a Pharmacia XK^50- (Amersham NJ) column ' 
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packed with 50 mis Sepharose Fast Flow 4B matrix (Arriersham) coupled to 
W6/32 antibody. Bound class I complexes were washed first with 1 L 20 mM 
sodium phosphate wash buffer, followed by a wash with buffer containing the 
zwitterionic detergent Zwittergent 3-08 (Calbiochem, Merck KgaA, Darmstadt, 
Germany) at a concentration of 10 mM, plus. lNIaCI at 50 mM, and 20 mM 
sodium phosphate. The zwittergent wash was monitored by UV absorption 
at a wavelength of 216nm for removal of Tritoh-X 100 hydrophobically bound 
to the peptide complexes. . After* 1 L of waish had passed over the column 
(more than a sufficient amount for the UV to return to baseline), zwittergent 
buffer . was removed with 2 L of 20 mM sodium phosphate wash buffer./ 
Peptides were! eluted post wash with freshly made .2N acetic acid, pH 2.7. 
Peptide isolation and separation. Post-ekitioh, peptide-cqntaining eluate 
fractions were brought up to 10% glacial acetic acid concentration through 
addition of 100% glacial acetic acid. Fractions were then pooled into a model ; 
8050 stirred cell (Millipore, Bedford, MA) ultrafiltration device containing a 3 
kp molecular-weight cutoff regenerated cellulose membrane (Millipore) The . 
device was capped and. tubing f paraOlmed to prevent leaks and placed in a 
78 6 C water bath for 10 minute?. Post-removal, the peptide-cohtainihg 
eiution buffer was allowed to cool to, room temperature.. The stirred cell was 
operated at a pressure of 55 psi under nitrogen flow. Peptides were collected 
in 50 ml conical centrifuge tube? (VVVR, West Chested Pa), flash frozen , in 
super-cooled ethandl, and lyophilized to dryness. Peptides were resuspended 
either in 10% acetic acid of 10% acetonitiiie/ Peptides were purified through 
a first-round of H PLC on a Haisii G-18 column (Higgiris \Anal)^ical ; ;/ Mouta'ln''' 
View, Ca y, with an isocra tic. flow of 100% B (100% acetonitriley !6l°/o TFA) 
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for 40 minutes. Following eiution, peptide-coritaining fractions were pooled, 
speed-vacuumed to dryness, and resuspended in 150 pjs of 10% acetic acid. 
Two pgs of the base methyl violet were added to the peptide mixture In 10.% 
acetic acid and this was loaded onto a Halsil C-i8 column for fractionation* 
Peptides were, fractionated by one of two methods, the latter resulting in 
increased peptide resolution. The first fractionation program was 2rl0% B 
in 2 minutes, 10-60% B in. 60 minutes, with 1 minute fraction collection, 
the second RP-HPLC gradient, consisted of a 2^14% B. in 2 minutes, 14-40% 
;B in 60 minutes, 40-70% B in 20 minutes, with 1 minOte fraction collection. 
Peptides elutihg in a giveh fraction were monitored; by UV absorbance at 216 
nm. Separate but identical (down to the same buffer preparations) peptide 
purifications were done for each peptide-batchMfrom uninfected and infected 
cells. 

Mass-spectrometric mapping of fractionated peptides: Fractionated 
peptides were mapped by mass spectrometry to generate fraction-based ion 
maps: Fractions were speed-vacuumed to 'dryness resuspended in 12 pis 
50:50 ."methanol: water + .05% acetic acid, Two \j\s were removed and 
sprayed via hano^lectrospray (Protaria, 6d!en$e, Denmark) into a Q-Star 
quadrupole mass spectrometer with a time-pf-flight detector (Persepitive 
5CIEX, Foster City, Ca). Spectra were: generated for masses in the range of' 
50-1200; amu using identical mass spectrometer settings for ^ach fraction 
•'sprayed W ' Spectra • , were then baseirlinje subtracted arid analyzed using the 
programs BioMuitiyiew version 1.5beta9 (Persceptivie SCIEX) or BioAnalyst 
version 1-0 (Persceptive SCIEX). Spectra from the same fraction in 
uninfected/infected cells were manually, aligned to the same mass range, 
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locked, and 15 amu increments visually .assessed for. the presence of 
differences in the Jons represented by the spectra (for an. example, see 
Hickman et al. 2000. Human Immunology. 61:1339-1346 which is expressly 
incorporated herein by reference). Ions were selected for MS/MS sequencing 
based on upregulations br downregula.tion of 1.5 fold over the same ion in the 
uninfected ceils, or the presence or absence of the ion in infected cells. Ions 
wereithus categorized into multiple categories prior to MS/MS sequencing. 
Tandem mass-spectrometric analysis of selected peptides. Lists of ions 
masses corresponding to. each, of the following categories were generated: 
i) upregulated in infected cells, 2) doWhregulated in infected cells, 3) 
present only in Infected cells, 4) absent in infected cells, and 5) no change 
in infected cells: The last category was- generally disregarded for MS/MS 
analysis and the first 4 categories were subjected to MS/MS sequencing on " 
the Q- Star mass spectrometer. Peptide-containing fractions were sprayed 
into, the mass spectrometer 'in 3 Ml aliquots. All MS settings were kept 
constant except for the Q0 >nd - Cad . gas settings, which, were varied to 
achieve the v best fragmentation. Fragmentation patterns generated; were 
interpreted manually and with the aid of BioMuJtiView version 1.5 beta 9. .No 
sequencing algorithms were used for interpretation of data, however multiple 
web-based applications were employed '.to aid in'' peptide identification 
including: MASCOT (Perkins, DIM et al; 1999. Electrophoresis 
3567), Protein Prospector (Clauser K. r R. et a.L 1999. Analytical Chemistry. 
7 1:2 8 7 1 :).:.,. -,•:... .. /'F ••?V V R^'*' ;,, » d e: S. e a r c h 
( http://www.riarradon^ 

P e pt i d e s e a r c h p a g e . h t m I ) a ; n d BLAST sear c h 
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(http://www.ncbi.nlm. nihigov/BLAST/). 

Quality control of epitope changes. Multiple, parameters were established 
before peptides identified in the above fashion were deemed "upregulated," 
"downregulated," etc. First, the peptide fractions before and after the 
fraction in which the peptide was identified were. subjected to MS/MS at the 
' same amu under the identical collision conditions employed in fragmentation 
/of the peptfde-of-lriterest and the spectra generated overlaid and compared. 
This was done to make sure that, in the unlikely event that the peptides had 
fractionated differently- (even with methyl-violet base B standardization) 
there was riot the presence of the peptide in an earlier or later. fraction of the 
uninfected or infected peptides (and that the peptides haid truly fractionated 
in an identical manner.) Secondly,, the same amu that was used to identify 
the first peptide was then subjected to MS/MS in. the -aiterhat^ fraction 
(either infected or uninfected, whichever was opposite of the fraction in which 
th^ peptide was identified.) Spectra again were overlaid in order to prove 
conclusively that the fragmentation; patterns did not match and. thus the. 
peptide was not present in. the cells, or, in. the case that the 

fragmentation patterns did match; that .the peptides w ere upregulated in the 
infected cells. Finally, synthetic; peptides were generated for each peptide 
• identified. These peptides were, resuspended In 10% acetic .acid, and RP-HPLC 
fractionated under the same conditions as employed for the original ; 
fractionation, ensuring that the peptide putative)/: identified had the same 
hydrophbbicity as that of the ion MS/MS, fragmented. This synthetic peptide 
Was. MS/MS fragmented under- the sarne collision conditions as. that of , the ion, 
the spectra overlaid, and checked for an . exact match with the original peptide 
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fragment. 

Functional Analysis\Literature Searches. After identification of epitopes^ 
literature searches Were performed on source proteins to determine their 
function within the . infected cell. Broad Inferences can ;b.e rriade from the 
function of the protein. Source proteins were classified into' groups according 
to functions inside the cell. Again, broad inferences can be made as to the . 
groups of proteins that: would. be available for specific presentation solely on 
infected i cells. Secondly; source proteins were scanned : for other possible 
epitopes which may be bound by other MHC class I alleles. Peptide binding 
predictions (Parker/ K. C, et. al. 1994. i Immunol. 152:163) were employed 
to determine if other peptides presented: from the source proteins were 
predicted to. bind. Proteasomalprediction algorithms (A. K. NUssbaum, et. Al. 
. 2001. Immuriogenetics 53:87-94) were likewise employed to determine the 
likelihood of a pefptide beiiig created by the prpteasome. 
Sequence Identification. A discussion of the results seen with the 
application of this procedure is included using the peptide GPFiTAALGJLL as ah 
example. Other examples and data obtained based-bn the niethpdologY are ; 
listed in TABLE VII. 
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The first step in identification of an epitope present only on uninfected 
cells is performing MS ion mapping. In this . case, the reversed- phase HPLC 
Traction 30 obtained from HIV as disclosed ^hereinabove (which contains a 
fraction of the total class • I. peptides) was sprayed into .the "mass 
spectrometer and an ion spectrum created. FIG. 6 shows the sections of ion 
rpap in which an ion was first identified as upregulated. The ion* at 484.74 
can be seen to predominate in the upper, map, which is the spectrum 
generated from, peptides from the infected ceils. One can also see that there 
are bther peptides which differ in their intensities between the uninfected 
cells from one spectrum to another. After a peptide is initially identified, the 
area of the spectrum in Which, the peptide is found is zoomed in on in order 
to more fully see all the ions in the immediate area (FIG. 7). After zooming 
in on the area fronv 482-488 amu, the ion at 484:72 can be seen to only b6 
present in the infected .cells (which are seen in the spectrum on the top). A. 
large difference such as this is hot always' seen, sometimes more minor 
differences are chosen for sequence; determination. .This jon, however, was 
considered an extremely good candidate for further analysis./ 

After identification: of the ion, : the next step in the process is to. 
sequence the. peptide by using tandem mass spectrometry*. FIG. 8 shows the 
spectrum generated when the peptide is fragmented. : These: fragments are . 
used to discern the amino acrid sequence of the peptide. The. sequence of 
this peptide was determined to be GPRTAALGLL; This peptide /was isolated 
from :irifected HLA-B*0702 . molecules. ' One early quality " control ..step Js,. 
examining the peptide's sequence to see if it fits the sequences, that were . 
previously shown to be presented by this molecule. ,. B*070^ binds; peptides 
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that have a G at their second position (P2). and an L a? their C-terminal 
anchor. Based on this information, this sequence is likely to be a peptide 
presented by B*0702. 

Descriptive characterization of peptide. Once the peptide sequence is 
obtained, information is gained on the source protein from, which the peptide 
was derived in the cytosol of the infected cell. Initially, a BLAST search 
(available at the National Center for Biotechnology website;) is done to 
provide, protein information on the peptide. A feLAST search with the 
sequence GPRTAALGLL pulled up the protein reticulocalbin 2. After the source 
protein is known/ information about the protein is ascertained first from the 
PubMed (again available at the National Center for Biotechnology website) 
and put into a format to which one can easily refer as seen in FIG. 9. All of 
the accession numbers for the protein, as well as the original description' of 
the protein are included. This makes it easy to come back to the information 
• for downstream use. Also, the protein sequence i$ copied, pasted; and saved 
as a text -document for incorporation into later searches. The peptide is 
highlighted: in the entire protein,, giving ^me.;rante^,as;.tovwhe^ it is 
derived and how large the total protein is. This is the initial data gathering 
step post-sequence determination;' 

The next step in characterizing thfeligand is- doing literature searches; 
on the source protein from which the peptide, was derived. The protein is 
'entered Jntp the . ; PubMed database and ■ all entries with the .word 
'VeticuIocalbin' ; are retrieved. FIG r 10 illustrates, the listing that is done to 
summarize what has previously been [ described for ±his protein. It can be 
seen that for ^ reticulocalbin, .multiple -articles have been published: involving 
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this protein. The literature is summarized in .a paragraph following the 
PubMed listings and put into the report. For reticulocalbin, some of the most 
. interesting points are that it Is an ER resident protein, which can lead to 
, speculation on why it is presented on infected . cells. Secondly, it has been 
previously found to be upregulated In. several other types of cancers, such as 
breast and . colorectal cancers. This again leads to speculation, that this 
protein may be broadly applicable to treat more maladies than those caused, 
by Hiv/ r it is also determined whether or not this protein, has been previously: 
cited as interacting with/ or being interfered with by HIV. This was not seen 
for, reticu local bin and thus was not lifted in the report, (although in some 
instances It Is seen.) A broad understanding of the protein is gained through 
literature searches. 

Predictive characterization of peptide. After the literature Search, several 
secondary searches are performed. " FIG. .11 illustrates the results of a 
peptide-binding algorithm performed using Parker's Predictioh (whigh is 
described hereinjabove). The entire source protein lis Used for input and the; 
computer generates a list of peptides which are bound by the H LA allele 
chosen. In this case, B*0702 was chosen because that was' the* allele from 
which. "this peptide was derived. From the black arrow in the figure, it can be 
seen that the peptide sequenced by mass .spectrometry Is predicted to bind 
to HLA-B*0702 with a high affinity. Several bther peptides are 
predicted to bind as well. FIG. 12 shows thie same procedure l^eing pjerformed 
with the source peptide using another ji^ett-jm^^- seai^. engine, SYPEITHI.. 
(This engine can: , be v found . on the: worldwide yyeb> using the URL: 
http://sv^ ••; ■ 
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Again, the results' from this search engine for B*0702 shows that this peptide 
is predicted to bind to HLAtB*0702 with a high affinity. . Also, multiple other 
peptides are predicted to be derived from this. source protein iand bound. 
This prediction allows us to determine several things. -First, we can tell if the 
peptide is predicted to [ be bound by previous algorithms. This allows , us to 
know how well the programs work, and/or if other people could identify th I? 
peptide (if they had the sQurce protein) from peptide binding algorithms.; All 
of. this information can be translated into increasing importance for the 
present inventive methodology not only for the peptide but also for the 
source protein itself. 

After peptide-bfndihg. algorithms- are performed, searches are done to 
determine whether the peptides wduld be created by the proteasome during 
normal processing of proteins into peptides. It should be strongly noted that 
rtiultiple pathways for class I; peptide, loading are pbw being demonstrated 

. and that the cteavage algorithms for human proteasomes : are not well 
established by any means. While a positive result may- indicate that the- 

. proteasome is largeiy responsible for cleavage, a negative, result by no mieans 
indicates, that the peptide Is not presented'fn the class I molecule. FIG. 13 
shpws the results of the first proteasomal ' cleavage done for the source 
protein reticulocalbin using the cleavage predictor PaProC (available; at URL 

■ \ h tt p : //www . oa p roc , de/j . The epitope is outlined. ' By this prediction 

. software, , the peptide is not predicted to ' be cleaved by ;,the normal 
proteasome. This may mean that -in! infected . cells; alternative pathways of 
MHC.lclass I presentation are; being used/ particularly, iri reference to the 
reticulocalbin peptide. This, in i .turn/- may present novel ; methods for 
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therapeutics during viral infection. A second proteasomal cleavage search is 
also employed using the prediction software NetChop (available on the 
worldwide web) as seen in FIG. 14; By this prediction and other data from 
current literature in the field/ the peptide would be created by. the 
proteasome and cleaved to form the GPRTAALGLL identified. 

A third round of analysis involves only the source protein. All other 
alleles are tested for peptide binding and lists of the highest binders . 
generated. The proteasomal cleavage predictions are then referred to in 
order to elucidate how these peptides are geherated. This information is 
useful for downstream testing of peptides and for determining whether or not 
this protein will be applicable for vaccine trials covering a broad range of HLA 
alleles. For reticulocalbin, multiple high-affinity peptides were demonstrated 
for differing HLA alleles (some examples of Which are shown .in FIG. 15) In 
this' figure, sievefai high affinity peptides deriving from reticulocalbin Were 
identified for HLA-A*0201 and A*010i".; 

Quality control of sequence determination. There currently exists no direct ; 
means to score the quality of MS/MS sequence data. Once all. descHptive and 
predictive steps are concluded, we return again to the original peptide 
sequence' for quality control tb.ehisure that the peptide is indeed what we 
have identified aS the amino acid sequence .and that the peptide is, truly 
present/only in infected cells. We employ these, multiple steps so there 1 is 
no doubt that the sequence is truly what we claim it to be before we move 
on to downstream applications invplvihg the peptide. 

.initially, we determine that the' peptide is" truly upreguiated or. present 
only in infected cells. For the reticulocalbin 1 peptide, y*e determined that this 
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peptide was probably only present in infected cells. In' order to make certain 
that the peptide was truly absent in the uninfected cells and that there was 
no chance that our RP : HPLC fractionation had differed (remembering that we 
use internal controls for our fractionation as well) we generated ion spectra 
using MS from the fractions before and after the one in which we identified 
the peptide. In the case of the/reticulocalbin peptide, we identified the 
peptide in fraction 30, so we. performed MS on fractions 29 and 31 (FIG. 16) 
In FIG.: 16, it can be. seen that there Is no substantial peak at the m/z 
484.72. This indicated that there was not differential fractionation and that 
the peptide truly was absent from Uninfected case that there 

was a peptide peak in. one of the before or. after fractions; we would then turn 
to MS/MS to, determine whether this peak represented the ion we were 
characterizing, or another ion with the same mass-to-charge ratio. 

After determining i that the peptide is not present in another fraction, 
MS/MS was preformed on the same m/z in the uninfected spectrum (in the 
same fraction) in order to conclusively prove that there is no peptide present _ 
with the same sequence in the unirifeicted cells.. In >FIG; 17 ohe can see that, 
the^fragmentation. patterns produced under identical MS collision conditions 
are totally different. This Illu^trateis the absence of the reticulocalbin peptide 
in the uninfected cells. 

Finally, In , order to concluisively prove that the peptide sequence is. the 
same as; that originally Identified/ ^ sytitfietlc peptides 

jconsisting of the same amino acids as the peptide sequence identified from 
the MS/MS fragmentation pattern. For the reticulpcalbih peptide (i.e. the : ion . 
in fraction 30 . at 484.72) we synthesized . the p^^ twe 
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then took this peptide and did MS/MS on the peptide under identical 
conditions, as previously used. FIG. 18 illustrates the spectrum generated 
from MS/MS of the endogenously loaded feticulocalbin peptide. Matching 
spectra, as seen here, are indicators that this peptide sequence is 
GPRTAALGLL as almost every amino acid combination will generate a . 
completely different' set of fragments, both In terms <bf production of 
fragments and in terms of intensity of those fragments present. FIG. 18 
shows the MS/MS endogenous and synthetic "GPRTAALGLL" peptide under 
identical collision conditions. As can be seen, the MS/MS graphs are virtually 
identical. 

: In accordance with the present invention, one peptide ligand (i.e. 
"GPRTAALGLL") has been identified as being presented by the B*0702 class ' 
I MHC molecule in cells infected with' the HlV MN-1 virus but not in uninfected 
ceils. As one of ordinary skill in the art can appreciate the novelty and 
usefulness of the present methodology in directly identifying such peptide 
Hgands and the importance such identification has fbr.numerous therapeutic 
(vaccine development, drug targeting)^, and diagnostic tools. -.As such, 
numerous other peptide: rigahds have been uniquely identified in cells 
infected with HIV MN-1 (as opposed to uninfected celis_ and these results 
are summarized in TABLE VII. One of ordinary* skill in . the art giyen the 
present specification would l?e fully enabled to identify the ^GPRTAALGLL" 
peptide ligand; as well as other* uniquely presented peptide Ifgands found in 
cells' infected with a micrporganism of interest and/br tUmorigiehic cells. 
; As stated a bove, TABLE ' Vli identifies the sequences pf peptide ligarids 
identified to date as belng unique to Hiy infected cells, VClass I sHLA 3*0702 
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was harvested for T cells infected and not infected with HIV. Peptide iigands 
were eluted from B*07Q2 and comparatively mapped on a mass spectrometer 
so that ions unique to infected cells were apparent. Ions unique to infected 
cells (and one ligand unique to uninfected cells) were- .sUbjected. to mass* 
spectrometry fragmentation for peptide sequencing. . Column 1 indicates the 
ion selected for sequencing, column 2 is the HPLC fraction, column 3 is the 
peptide sequence, column 4 is the predicted molecular weight, column 5 is 
the molecular Weight we found, column 6 is the source protein for the epitope 
sequenced, column 7 is where the epitope starts in the sequence of the; 
source protein, column . 8 is the. accession number, and column 9 is a 
descriptor which, briefly indicates what, is known of that epitope and/or its 
source protein; 

The methodology used :herein is Xo use sriLA to determine what is ; 
unique to Unhealthy c^Hs as compared to healthy Cells; Using sHLA to survey 
the contents of a ceil provides a look at what is unique to unhealthy cells; in 
terms of proteins that are processed into peptides. TABLE VII shows the 
utility . 6f the method . described herein for ' discovering epitopes and their 
source proteins which are unique to HIV infectied cells. A'detailed description 
of the peptide from Reticulocajbin is provided hereinabove. The other 
epitopes and .cprrespbnding source: proteins; described in TABLE VII were 
processed in' the same manner as the reticulocalbin epitope and source 
protein were i.e. as described herein above: The data summarized in TABLE 
VII shqwis that the epitbpie discovery technique described herein Is capable 
of identifying' ;sHLA bound epitopes and their corresponding source proteins ; 
Which are unique to inserted/unhealthy cells. 
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Likewise, and as is shown in TABLE VII, peptide iigands presented In 
individual class I MHC molecules in an uninfected cell that are not presented 
by individual class I MHC molecules in an uninfected cell can ' also b£ 
identified. The peptide -'GSHSMRY'', for example, was identified by the, 
method of the present invention as being an individual class I MHC molecule 
which is presented in an uninfected cell but not in an infected cell. 

. The utility: of this data is at least threefold. First, the data indicates 
what comes out of the' cell with Hl^ Such data can be used to target <3TL to 
. unhealthy cells. Second, antibodies can be targeted .to specifically recognize 
HLA molecules carrying the. I igand- described: Third, realization of the source 
protein can lead to therapies and diagnostics which target thq source protein. 
Thus, ah epitope unique to. unhealthy cells also Indicates that the; isource 
protein is unique in the unhealthy cell//. 

The methods of Epitope discovery and comparative ligand niappirig 
described herein are not limited to cells infected by a microorganism such as 
HIV. Unhealthy ceite : analyzed, by the. epitope discovery process described 
herein can arise - from Virus infection'; or also cancerous transformation. In 
addition, the status of an unhealthy cell can also be mimicked by transfecting 
a particular gene known to be expressed during yipal infection or tumcir 
formation. For Example, particular gene^ of H in a cell 

line as described ,(Ach6iir, A./et ai. /; AlD:S Res Hum Retroviruses, 1994. 10(1): 
p. 19-25; and Chiba> M:, et aL, "CTL- Arch Virol, 1999: 144(8): p. 1469-85,' all 
of which are expressly incorporated ;here the! epitope 

discovery 1 process performed tp identify hoyv -the expression of the transferred 
gene modifies, epitope presentatic)n by sHLA, in a similar fashion, genes 
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known to be upregulated during cancer (Smith, E.S., et ah, Nat Med; 2001 . 7(8): p. 967-72, 
which is expressly incorporated herein by reference) can be transferred in cells with sHLA and 
epitope discovery then completed. Thus, epitope discovery with sHLA as described herein can be 
completed on cells infected with intact pathogens, cancerous cells or cell lines, or cells into 
which a particular cancer, viral, or bacterial gene has been transferred. In all these instances the 
sHLA described here will provide a means for detecting what changes in terms of epitope 
presentation and the, source proteins for the epitopes. 

Thus; in accordance with the present invention, there . has been provided a methodology 
for epitope discovery and' comparative ligand mapping which includes methodology for 
producing and manipulating Class I and Class H MHC molecules from gD^A that fully satisfies 
the objectives and advantages set forth herein above. Although the invention has been described 
in conjunction with the specific drawings,* experimentation, results and language set forth herein 
above, it is.evident that many alternatives, modifications, and variations will be apparent to those 
skilled in the art. Accordingly, it is intended to embrace all such alternatives, modifications and 
variations that fall within the spirit and broad scope of the invention. 

All of the numerical and quantitative measurements set forth in this application 
(mciudihg.in the examples and in the claims) are approximations. 

The invention illustratively disclosed or claimed herein suitabiy may be practiced in the 
absence of any element which is not specifically disclosed or claimed herein. Thus, the invention 
may comprise, consist of, or consist essentially of the elements disclosed or claimed herein. 

' The following claiiris are entitled to me broadest possible scope consistent wth this , ] 
application^ The claims shall not necessarily be limited to the preferred embodiments or to the 
embodiments shown in the. examples. ; 
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What is claimed Is : 

li A method of isolating peptide* ligands for an individual class I molecule, 
comprising the steps of: 

providing a cell line containing a construct that encodes an individual 
soluble class I molecule, the cell line , being able to naturally 
process proteins into peptide, ligands capabie of ^being loaded into 
antigen binding. grooves of class- 1 molecules; 
culturing the ceil line under conditions which, allow for expression of the 
individual soluble class I molecules from the construct, such, 
conditions, also allowing for endogenous, loading of a peptide 
ligand into the antigen binding groove of each individual soluble 
class ! molecule prior to secretion of the. individual soluble class 
I molecules from the cell; 
isolating the secreted individual soluble class I molecules having the 

endpgenously loaded peptide iigand^ bound thereto; and 
separating the peptide ligands from the* individual soluble class I 
_ molecules. 

2. _ The method of claim 1/ Wherein,; in the step of providing a cell line 
containing, a construct that encodes an individual soluble class i molecule, 
the construct further encodes a tag which is attached -to the individual soluble 
class I molecule end aids in isolating the individual soluble class X- molecule. 

3 V . The. method of claipi 2, wherein the tag is selected from the ^roup ! 
consisting of a HIS tail, and a FL^d tail;- 

4, The . method ;of claim' 1 wherein, ih the step of providing a cell line,*he cell ' 
line is class I negative. 
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5. The method of claim 1 wherein, In the step of providing a cell ijne, the cell 
line expresses endogenous class I molecules. 

6. The method of claim 1 wherein; in the step of providing a cell line, the cell 
line is infected with at least one of .a microorganism, a gene from a 
microorganism> or a tumor gene. 

7. The method 6f claim 6 wherein, the cell line is infected with HIV; 

8. i ne rrietnod. of claim* 1 wherein, in the step of providing a cell line; the cell 
line is transformed such that the cell line is a tumor cell line. 

9. The method of claim i wherein, in the step of providing a cell line 
containing a construct that encodies an individual soluble class I molecule, 
the cell line containing the, construct that encodes, the individual soluble class 
I molecule is-produced by a method comprising the steps of : 

obtaining genomic DNA. or cDN A encoding at least one clalss I molecule; 
identifying an allele; encoding an inclMduai ;. class mblecule/'ih.i-the-'; 

genomic DNA, or cDNA; 
PCR amplifying the, allele encoding the individual, class I molecule in a 

locus specific manner such that a PCR product produced therefrom < 

encodes a truncated, soluble form 1 ,qf the 'individuai: class:;j 

molecule; 

. clohing /the PCR product; into an expression Vector,- thereby forming a : 
qohstruct that encodes the individual .soluble class I nriolecule; . 
and 

transacting the construct into a cell line. 
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10. The method of claim 9 Wherein/ in the step of providing a cell line 
containing a construct that encodes an individual soluble class I molecule, 
the construct further encodes a tag which is attached to the spiuble class I 
molecule and aids in isolating the individual soluble class I molecule. . 

11. The method of 'claim. 10, wherein the tag is selected frpni the group 
consisting of a HIS tail and . a FLAG tall. 

12. The method of claim 10> wherein the tag Is encoded by a PCR primer 
utilized in the step of PCR amplifying the ailele encoding the individual class 
I molecule. 

13. The methoci of claim 10, wherein the tag is encoded by the expression 
vector into which the PCR product is cloned. 

14/ The method of claim' 1, further comprisingv the step of identifying the 
peptide ligand. ,,■ 

15. : The method pf claim; 14, further -cbmprising the step of identifying a 
source protein from which the peptide ligand was obtained. 

16. A peptide ligand for an individual. class I molecule isolated by a;method 
comprising the steps of : 

providing a ceil line containing; a construct that encodes an individual^ "> 
soluble class I molecule, the cell line being able to naturally, 
process proteins into peptide ligands capable of being loaded into 
antigen binding grooves of class I molecules; : 
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culturing the cell line under conditions which allowfor expression of the 
individual soluble class I molecules from the. construct, such 
conditions also allowing for endogenous , loading of a peptide 
ligand into the antigen binding groove of each individual soluble 
class I molecule prior to. secretion of* the individual soluble class 
I" molecules from the cell; • 
isolating the secreted individual soluble class . I molecules haying the 
> : - ;endogenously loaded, peptide lig^ 

■ separating the peptide ligands from the individual soluble class I 
molecules. * . ; .• / 

17. A peptide ligand for an individual class' I molecule comprising SEQ ID 

no: 29. . ' : - : ' - 

18. The peptide ligand of claim 17, wherein the peptide ligand is obtained, 
from HIV- 1 MN, ENV. ..." ' v : 

19. A peptide ligand for ah individual class I molecule comprising SEQ ID 
NO130. 

. 20: The peptide ligand of claim .191/ wherein the peptide ligand Is obtained \ 
from. Cholinergic Receptor, Alpha-3 Polypeptide. . 

/.21/ A peptide ligand for an individual class I molecule Comprising SEQ ID 

NO:3i. , ; ■' , • '.I ; 

22. the peptide ligand; of claim 21/ wherein, the peptide ligand is obtained 
from Ubiquitin-Specific Protease. ;. ; . ^ ; ! . v - 
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23. A peptide ligand for an individual class I molecule comprising SEQ ID 
NO:32. 

24. The peptide iigand of -claim 23, wherein the peptide ligand, is obtained 
from 0-Associated Transcript Protein 3 (BAT3). 

25. A peptide ligand. for an individual class I molecule comprising SEQ ID 
NO: 33 

26. The peptide ligand of claim 25, wherein the peptide Ugand is obtained 
from HLA-B Heavy Chain Leader Sequence. 

27. A peptide iigand for an individual class ^ 
NO:34. 

28. A peptide Iigand for an individual class ,1 molecule comprising SEQ ID 
IMO:35. 

29. r ^The peptide; ligahd of claim 28, wherein -^B/pepUde/JVgand is .obtained, 
from RNA Polymerase II -Polypeptide A.- 

30. A peptide ligand for an Individual \ k\ass I molecule, comprising SEQ ID 
Np:36, 

, 31. The peptide Iigand of claim 30, wherein .the peptide ligand is, obtained 
froiri EUK, Translation Initiation Factor .4. 
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32. A peptide ligand for an individual class I molecule comprising SEQ ID 
NO:37. 

33. The peptide ligand of claim 32, wherein the peptide ligand Is obtained 
from S PARC- 1 Like Protein. 

34. A peptide ligand for an individual class I molecule comprising SEQ ID . 
NO:38. 

35. The peptide ligand of claim 34/ wherein the peptide ligand is obtained 
from Tenascin-C. 

36. A peptide ligand for an individual class I molecule comprising SEQ ID 
NO: 39. 

.37. The peptide ligand of claim 36/ wherein the peptide ligand is obtained 
from Polypyrimidine Tract-Binding Protein 1. 

38. A peptide; ligand for an individual class I molecule comprising SEQ ID '•; 
NO:40.; 

39. The peptide ligand of clajm 38, wherein the pieptide ligand is obtained 
froiti Retlculocalbin/ 

40. A peptide ligand for an individual class , I molecule comprising SEQ ID 
HO:41. 
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41. The peptide ligand of claim 40, wherein the pepti'de ligand is obtained 
from ELAV (HuR); 

42. A method for identifyinig at least one endogenously loaded peptide 
ligand that distinguishes an infected, cell from an uninfected cell, comprising 
the steps of: 

providing ah uninfected cell line containing a construct that encodes ah - 
individual soluble class I molecule, the uninfected cell line being 
able to naturally, process proteins into peptide ligands capable of 
being loaded into antigen binding grooves of class I molecules; 
infecting a portion of the uninfected cell line with at least one. of a 
microorganism, a gene from a- microorganism or a tumor gene, 
thereby providing an Infected ceil line; . ' : . 
culturing- the uninfected ce|l line and the infected ceil line under 
.conditions which allow for expression, of individual soluble class: 
I molecules from the construct, such conditions also allowing for 
endogenous loading of a peptide ligand. in the antigen binding 
groove of each individual- soluble class I molecule prior to 
secretion of the individual soluble class I molecules from the cell- 
isolating the secreted Individual" soluble class I molecules having the 
ehdogeriously loaded peptide ligands bound thereto from the : 
uninfected cell line and the infected cdll line;: . 
sejparatihg the endogenously loaded peptide iigahds frpm the individual 
soluble class I mbiectiles from the uninfected cell line and 
separating the endbgenbusly loaded peptide ligands; from the 
individual soluble class:i molecutes frqrn the infected cell llhe;; : 
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isolating the endogenously loaded peptide ligands from the uninfected 
cell line and the endogenously loaded peptide ligands from the 
infected cell line; 

comparing the endogenously loaded peptide ligands isolated from the 

infected cell line to the endogenpusly loaded peptide ligands 

isolated from the uninfected cell line; and 
identifying at least one endogenously loaded peptide ligand presented 

by the individual soluble class I molecule on the infected cell line 
. that is not presented by the individual soluble class I molecule 

on the uninfected cell line; 

43. The method of claim 42 wherein, in the step of providing an uninfected 
. cell line containing a "construct , that encodes aiV individual soluble class I 

molecule, the construct further encodes a tag which . is .attached to the 
individual soluble class I mo!ecule;and aids in isolating the individual soluble "y 
class I riridlecule. 

44. The method" bf. claim 42 wherein, the uninfected cell Hne is class ,! 
negative, 

45. .The method of claim 42 wherein, the uninfected .tell line expresses' 
.endogenous class I molecules. 

46. The method of claim 42 wherein, in the step of providing an uninfected . 
cell, line containing at construct that encodes ian individual soluble class I 
molecule, the uninfected cell Mne cbntaihirig the construct that encodes the : 
individual soluble class I molecule ..is produced by a method comprising the 
steps of: 
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obtaining genomic DNA or cDIMA encoding at least one class I molecule; 
identifying an allele encoding an individual class \ I molecule jn the 

genomic DNA or cDNA; 
PCR amplifying the allele encoding the Individual class I molecule In a 

locus specific manner such that a PCR product produced therefrom 

encodes a truncated, soluble form of -the 1 .individual class i 

molecule; 

cloning the PCR product into an expression y ector;. thereby form ihg a 
construct that encodes the individual soluble class I molecule; 
and 

* transfecting the cbnistruct into an uninfected cell line; 

47- The method of claim 46 Wherein, in the step of providing an uninfected 
cell line containing a construct that encodes an individual soluble class I 
molecule, the construct further encodes a tag which is: attached to the soluble 
class l molecule and aids in isolating the individual soluble class I molecule. 

-4?8S .Tliejmethojd of qlairri 47> wherein the tag is selected from the group 
consisting of a HIS tail and a FLA.G^tajl.'. 

49.; The method 6f claim 47, wherein the, tag is encoded by a PCR primer 
utilized in the step of PCR •amplifying ah allele encoding the individual class 
I molecule. 

50 .. th<e method of claim 47/ Wherein the tag is encoded by the expression 
vector into Which the PCR product is cloned. 
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51. The method of claim 42, further comprising the step of identifying a 
source protein from which the at least cine endogenpusly loaded peptide 
ligand presented by the individual soluble class I molecule on the infected 
cell line and not presented by the individual soluble class I molecule on the 
uninfected cell line is obtained. 

52. The method of claim 42 wherein, in the step of identifying "at least one 
endogeriously loaded- peptide ligand presented. by, the individual soluble class 
I molecule oh the infected cell line but not on the uninfected cell line, thie at 
least one endogenpusly loadied peptide ligand is obtained from a protein 
encoded ^ by at least one,, of the .microorganism, the gene from a 
microorganism or the tumor gene with which the ceil line was infected to form, 
the infected cell line. 

53. The method of claim. 42 wherein; in the step of identifying at least one 
endogenously loaded peptide ligand presented by the individual soluble class 
I molecule, on the infected cell line but not on the uninfected cell line, the at 
least one endogenpusly loaded peptide ligand is obtained from a protein : 
encoded by the uninfected cell line. 

54. The method of claim 53/ wherein the protein encoded by. the uninfected 
ceir line from which the at feast one endpgenously loaded peptide ligand is 
obtained has iricreased expression in.a tumor cell line. 

55. The method of claim 42 Wherein, in the step of: infecting a portion of the 
uninfected ceil line, the portion; of .the ; Uninfected 'cell line is infected with 
HIV. 
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56. A method for identifying at least one endogenously loaded peptide 
ligand that distinguishes an infected cell from an uninfected cell, comprising 
the steps of: 

providing an uninfected cell line containing a construct that encodes an. 
individual soluble class I molecule, the uninfected cell line being 
able to naturally process proteins into peptide. ligands capable of 
being loaded into antigen binding grooves of class ! molecules; 

infecting a portion j of the uninfected ceH line with at least one of a 
microorganism, a genie from a microorganism or a tumor genie, 
thereby providing an infected cell line; 

culturing the uninfected cell line and the infected cell line under 
conditions which allow for expression of the individual soluble 
class I molecules from the construct, such conditions also 
allowing for endogenous . loading of a peptide ligand into the 
antigen binding groove of each individual soluble ciass I molecule 
Rriorto-secretion* of the individual soluble clas£ I molecules from 
the cell; 

isolating the . selcreted individual soluble class, I molecules haying . the 

endogenously loaded peptide; ligands bound thereto from the 

uninfected cell line and the infected cell line; 
separating the endogenously loaded peptide ligands from the individual 

soluble class I molecules from the uninfected cell; line .and 
1 separating the /endogenously loaded peptide ligand$ from the 

individual soluble; class I molecules from the infected cell line; ' 
isolating the endogenously loaded peptide ligands from the uninfected 
/cell, jine arid the endogenously; loaded peptide ligands frorri the 

infected ceil iine; 
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comparing the endogenbusly loaded peptide ligands isolated from the 
uninfected cell .line to the ehdogenously loaded peptide ligands 
Isolated from the infected cell line; and 

identifying at least one endogenously loaded peptide ligand presented, 
by the individual soluble class I molecule, on the uninfected cell 
line that is not presented by the individual soluble class I 
molecule on the infected cell line. 

57. The hriethod of claim 56 wherein, in the step of providing an uninfected 
cell line containing a construct that encodes an individual soluble class I 
molecule, the construct further encodes a tag which is attached to the 
individual soluble class I molecule and aids in isolating the individual soluble 
class I . molecule. 

.5.8. The method of claim.; 56, wherein the uninfected cell line is class I " 
negative.. 

59. The method of claim 56, , wherein; the uninfected cell line expresses 
endogenous class I molecules. 

60. The method of claim 56 Wherein, .in the step of providing an uninfected 
cell line containing a construct that encodes ah individual, soluble class . I 
molecule, the uninfected cell line containing the construct that encodes the. ,: 
individual, soluble class I molecule is produced by a method comprising the 
steps of:'-. 

obtaining gehomjc DNA or cpNA encoding at least one class I molecule; 
identifying an allele .ghcoding an: individual class I molecule, in. thie 
genomic DNA or-bDNA: 



SUBSTITUTE SHEET (RULE 26) 



WO 02/30964 



85 



PCT/US01/31931 



PCR amplifying the allele encoding the individual class I molecule in a 
locus specific manner such that a PCR product produced therefrom 
encodes a truncated, soluble form of the individual class I. 
molecule; 

cloning the PCR product into an expression vector, thereby forming a 
construct that encodes the individual soluble, class I molecule; 
and! ' ' *' ' 

transfecting th£ construct into an. uninfected cell line. 

61. The 'method of claim 60 wherein, in the step of providing an uninfected 
cell line containing a construct that encodes an individual soluble class I 
molecule, the construct fiirther encodes a tag which is attached to the 
individual soluble class I molecule and aids in isolating theindiyidujal soluble- 
class I molecule. . 

62. The method of claim 61, wherein the tag. is selected from the group 
consisting of a HIS tail and a FLAG tail. 

63.. Jhe method of; claim .61, wherein fhe tag is encoded by a PGR primer ■ 
utilized in the step of PCR amplifying the allele encoding the Individual class 
I molecule. ' -\\ V~\' 

. 64. The method of <:laim 62 wherein; the teg is encoded by* the expression 
vector into Whiph the PCR product is' cloned/ '"' ; ' . 

65. The method pf. ciaim, 56, fui^herxomiDrising the .step of. identifying a 
source protein from which the at least one endogenously : loaded peptide 
iigand presented by the jridividual soluble class i molecule pn'the uninfected 
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cell line and not presented by the Individual soluble class I molecule on the 
Infected cell line is obtained. 

66. The method of claim 56 wherein, in the step of infecting a portion of the 
uninfected cell line; the portion of the uninfected cell line is infected with-. 
HIV. 

67. Ah ehdogenously loaded peptide ligand presented by an individual class 
I molecule on an infected cell but. not oh an uninfected, cell. . 

68. The ehdogenously loaded peptide ligand of claim 67, wherein the 
endogenously loaded peptide ligand comprises SEQ ID NO:29: 

69; The endogenously Joaded« peptide ligand of claim. 67, wherein the, 
.endogenously lojaded peptide ligand comprises SEQ ID NO:30i 

70. The endogenously loaded peptide ligand of claim 67, .wherein the 
endogenously loaded peptide ligand comprises SEQ ID NO:31. 

71. The endogenously loaded peptide ligand of claim 67, wherein the; 
endogenously. loaded peptide ligand comprises SEQ ID NO: 32/ ; 

72.1. The\ endogenously loaded peptide ligahd of claim 67, /wherein the 1 
endogenoujsiy loaded peptide ligahd comprises SEQ ip ISi6:33: 

73;. • The ehclogenously loaded peptide ligahd of claim 67, wherein J the ..." 
endogenously loaded peptide ligand comprises S^Q ID NO:34;. 
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74. The endogenously loaded peptide ligand of claim 67, wherein the; 
endogenously loaded peptide ligand comprises .SEQ ID NO:35. 

.75. The endogenously loaded peptide ligand of claim 67, wherein the. 
endogenously loaded peptide- ligand comprises SEQ ID NO:36. 

76. The .endogenously loaded peptide ligand. of claim 67, wherein the 
endogenously Ibaded peptide ligand comprises SEQ lb; N&37'. 

77. The endogenously loaded peptide ligand of claim 67, wherein the. 
ehdogenousiy loaded peptide ligand comprises SEQ ID Nt): 38. 

78. ; The endogienpusly, loaded peptide ligand of claim 67/ wherein, the , : 
endogenously loaded peptide ligand comprises SEQ ID NQ:39. 

79. . The endogenously loaded peptide ligand of claim 67, wherein ithe 
endogenously, loaded peptide ligand comprises SEQ ID NO:40/ 

80. The ehdogenousiy 'loaded .peptide ligand: of;- ciaipi V67> wherein the. 
endogenbusly loaded peptide ligand comprises SEQ ID. NO: 4 1\ 

81. A self protein capable of being naturally prodessed into at .least one 
peptide fragment,- wherein the at least one peptide fragment is endogehbiisly 
loaded In arid presented by a class I rpoiecuie on ah infected cell. 

82. The self proteiri' of -'claim' 81 wherein the at : least one peptide fragment 
is hot endogenously loaded in and presented , by a class I molecule oh an 
uninfected cell. 
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83. A peptide ligahd presented by an individual class I molecule oh an 
infected cell but not on an uninfected cell, the peptide ligahd identified by a 
method comprising .the steps of: 

providing an uninfected cell line containing a construct that encodes an 
individual soluble class I molecule, the cell line being able to 
naturally, process proteins into peptide ligands capable of being 
loaded into antigen binding grooves of class I molecules; 
infecting a portion of , the uninfected cell line with at least one of a 
microorganism, a gene from a microorganism or a tumor gene, 
thereby providing an infected cell line; 
culturing the uninfected cell line and the infected ceil line under 
conditions which.. allow for expression of the individual soluble 
class. I molecules from the construct, .such: conditions also 
allowing for endogenous loading of a peptide ligand in the 
antigen binding groove, of each individual soluble class I molecule 
prior to secretion of the individual soluble class I molecules from 
the cell; ; 

isolating the; secreted individual soluble class I molecules having the 
eridogenbusly loaded peptide ligands bound ■ thereto from the. 
uninfected cell llne and the irifeicted ceil line; 

separating the eridogenously Ipaded peptid^ ligands from ttie individual 
soluble class I molecules from" the Uninfected cell and the 
endogenously ipaded peptide ligahds from, the individual soluble 
clqss I molecules from the infected cell; 

isolating the endpgenously loaded peptide ligahds from the uninfected 
- cell line and the endogienQusly loaded peptide ligands from the 
infected cell line;; , 
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comparing the endogenously loaded peptide ligands isolated from the 
. infected cell line to the endogenously loaded peptide, llgands 
isolated from the uninfected cell line; and 
identifying, at least one. entiogeribusly loaded peptide, ligand presented 
by the individual soluble class I molecule on the infected cell Hne 
. that is not presented by the individual" soluble class I molecule 

on the uninfected cell line. 

. 84/y The peptide ligand of claim 83 wherein; in the step of providing an . 
uninfected cell line containing a construct that encodes an Individual soluble 
class* I molecule, the uninfected ceil line containing the construct, that 
encodes the individual soluble class ,1 . molecule is produced by a method 
comprising the steps of: 

obtaining, genomic DNA or.cDNA encoding at least one class I molecule; 
identifying an allele encoding an Individual class I mplecule in the 
genomic DNA or cDNA; V 
" PCR amplifying the allele encoding the. individual class I molecule in a 
. locus specific m'anner.such that a PGR product produced therefrom 
encodes a truncated, soluble forrn of the individual .class I~ 
■ ■■ molecule; :■ •■ ; .' ; . " 

cloning the PGR product into an expression vector, thereby forming a 
. construct that encodes the individual soluble class. I molecule; 
: .-and ' - ; *y ■ <\ *' •■; -V ' .-. • ;\ r V" "Vv ' 

transfecting the construct : into an uninfected cell line. / / ; ' \ 

85/ The- peptide ligand of claim 84, wheireiri the construct further; ehcpcJes a 
tag which is attached to the iridiyiduar soluble class I mblecule; arid aids . in 
isolating the individual soluble class I mb 
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86. The peptide ligand of claim 85, wherein, the tag is selected from the 
group consisting of a HIS tail and a FLAG tail. 

87. . The peptide ligand of claim 85, wherein the tag is encoded by a PCR 
primer utilized in the step of PCR 'amplifying the allele, encoding the 
individual class I molecule. 

88. The peptide, ligand of claim 85, wherein the .tag Is encoded by the , 
expression vector into which the PCR product is cloned. 

89; the peptide ligand df claim 83, wherein the at least one endogenously 
loaded peptide ligand is, obtained from a protein encoded by at least one of 
the* microorganism, the gene from the microorganism or the.tumbr gerie with 
which the portion of the uninfected cell line Is infected to form the infected 
cell line. 

90. The peptide Ijgand of claim 83, yvherein the at; least one endogenously . 
loaded peptide ligand is obtained from a protein encoded by the uninfected 
celi line/, 

91. The peptide ligand of claim 83, wherein the portion of the uninfected ceil 
line is infected with HIV. 

92. A source protein from which the peptide ligand of claim 83 is obtained. 

93. A peptide ligand .endogenously loaded In an Individual class I molecule 
and presented by the individual class I molecule on an uninfected cell. 
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94. The peptide ligand of claim 93 wherein the peptide ligand is not 
endogenously. loaded In the individual class I molecule and presented by the 
individual class I molecule on an infected cell. 

95> A self protein capable of being processed injo at least one peptide 
fragment, wherein the at least one peptide fragment is endogenously loaded 
in an individual class I molecule and presented: by the Individual class I 
molecule on an uninfected cell. 

96. The self protein of claim 95 wherein the at least one peptide fragment 
is not endogenously loaded fa the individual class I molecule and presented 
by the individual class I molecule on an infected cell. 

97. A peptide ligand endogehously : loaded L in an individual class I molecule 
and presented by the ihdividMai class I molecule on an. uninfected cell but hot 
on an infected cell, the peptide, ligand identified by a method comprising the 
steps of : 

providing an uninfected cell line containing a construct that encodes an 
individual soluble class I molecule, the "uninfected cell line, being 
able to naturally process proteins into peptide ligands capable of 
being loaded into antigen binding grooves of class I molecules; 

infecting a portion of the uninfected cell line with at least one' of ' a ; 
microorganism^ a gene from a microprganisrin or a tumor gene, • 
thereby, providing: an infected cell/line; : 

cuituring the tininfected cell, line /and; a .tHiB'''ljrifected- ; tedl a - line under 
conditions which allow; for expression of the individual soluble 
d^ss I molecules, such conditions also allowing for endogenous; 
loading of a peptide liaahd in the aritiaen bindind aroove of ie^ch 
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individual soluble class I molecule prior to secretion of the 

individual soluble class I molecules. from the cell; 
Isolating the secreted individual soluble class I molecules having the 

endbgenously loaded peptide ligands bound thereto from the. 

uninfected cell line and the infected cell line; ' 
separating the ; endogenously loaded peptide ligands from the individual 

soluble class I molecules from the uninfected cell line and the 

infected cell line; 

isolating the endogehously loaded peptide ligands from the, uninfected 
' cell line and the endogenously loaded peptide ligands from the 

.infected cell line; . 
comparing the endogenously loaded peptide ligands isolated frdm the 

uninfected cell line to the endogenously loaded peptide ligands 

isolated from the infected cell line; and* 
identifying at least one endbgenously loaded peptide ligand presented 
, by the individual soluble class; I molecule on the uninfected cell 

line that is not presented .by the individual soluble class ' I 

molecule on. the infected ceil line. 

98. The peptide ligahd. of claim 97 wherein the construct further encodes a 
tag which is attached to the individual soluble class I molecule arid , aids in 
isolating the individual; soluble class I molecule. 

99: The pieptide ligand of claim 97 w;herein the uninfected cell line cohtaihihg 
. the construct that encodes the individual soluble class I irioleciile is produced 
by a method, comprising the steps, of: ■ 

obtaining gerVomic DNA or cDNA encoding ^ at least one class I molecule; 
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Identifying an allele encoding an individual class I molecule in the 

genomic DNA or cDNA; 
PCR amplifying the allele encoding the individual class I molecule in a 

locus specific manner such that a PCR product produced therefrom 

encodes a truncated, soluble form of the individual, class I 

molecule; 

cloning the. PCR product into an expression vector; thereby forming a 
. construct that encodes an individual solulDle class I mplecule; and 
transfecting the construct into an uninfected ceil line. 

100. the peptide ligand of clalrn 99; vyherein the construct further encodes 
a tag which is attacheid to the individual soluble class I molecule and aids in 
isolating. the individual soluble class I molecule.. 

101. The peptide ligand of cjaim 99, wherein the tag is selected from the 
group consisting of a. HIS tail and a FLAG tail. 

102. The peptide ligand of claim 99/ wherein thie tag is encoded by a PCR 
^ primer utilized ih the step of PCR amplifying an aiieie encoding the individual 

class I molecule- 

* . • ■ 

103. The method of claim 99, wherein the tag is encoded by the expression 
vector into which the PCR product is cloned. 

104. A source protein from which the peptide ligand of claim 97 is obtained^ 

105. A method for identifying, a self protein that is processed into at least 
one peptide fraqment, wherein the at least one Deotide fraoment Is 



SUBSTITUTE SHEET (RULE 26) 



WO 02/30964 PCT/US01/31931 

94 



endogenously loaded in an individual class I molecqle and presented by the 
individual . class I molecule on an infected cell but not on an uninfected ceil, 
the method comprising the steps of : - 

providing ian. uninfected cell line containing a construct that.encodes an 
individual; soluble class I molecufe, the, uninfected cell line being, 
able to naturally process proteins into peptide ligands capable of 
being loaded into antigen binding grooves .of class I molecules; 

infecting a portion of the uninfected cell lihe with at least one of a. 
microorganism, a gene from a microorganism or a tumor gene, 
thereby providing ah infected cell line; * 

cUlturirig \ the uninfected cell line and the infected cell line under \ 
conditions which allow for expression of the individual soluble 
class I molecules, such conditions also allowing for endogenous, 
loading of a peptide ligahd in the antigen binding groove of each 
individual soluble class I molecule prior to secretion of the 
individual soluble class I molecules from the cell; 

isolating the secreted individual: soluble class I molecules : having 
endogehqusly loaded peptide ligands. bound thereto frorn; the 
uninfected ceil line and the infected cell Uhe; ; 

separating the endogenously loaded peptide ligands from the individual 
soluble class I molecules from the uninfected cell line and the. 
infected cell line; 

isolating the endogenously loaded peptide ligands from the; uninfected 
, cell, line; arid 'the endogenously loaded peptide ligands from the 
infected cell liiie; 

comparing the endogenously loaded peptide ligands isolated from, the 
infected celi line to the. endogenously loaded peptide ligands 
isolated, from the uninfected cell line: 
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identifying at least one endogenously loaded peptide ligand presented 
by the individual soluble class I molecule on the infected cell line 
that.is not presented by the individual soluble class I molecule 
on the uninfected cell line; 

deterrftinlng the source protein from which the at least one 
endogenously loaded peptide ligand is obtained; and 

identifying the source protein as a self protein If the source protein is 
not/encoded by the microorganism, gene from ia microorganism or 
tumor gene with which the infected cell line Is infected but Is 
encoded by the uninfected cell line. 

106. A method for identifying a self protein that is processed into at least 
one peptide frag rrtent, wherein the at least one peptide fragment is 
endogenously loaded in an individual class I molecule presented by the . 
individual class I molecule on an uninfected ceil but hot on ah infected cell; 
the method comprising the steps of : . 

providing an uninfected cell line containing a construct that encodes an 
individual soluble class I molecule, the uninfected cell line being 
able to_ naturally process proteins into, peptide ligands capable of 
being loaded into antigen binding grooves of class I molecules; 
infecting a portion of the uninfected cell line with at. least one Of a 
microorganism, a gene frorii a microorganism or a tumor gene, 
thereby providing an infected cell line; 
. culturing the uninfected cell line and . the infected cell " line under 
conditions which allow for expression of the individual soluble, 
ctess I molecules, such conditions ateq allowing for endogenous , 
loading of a peptide. ligand in the ahtiigeh binding groove. of each - 
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Individual soluble' class I molecule prior to secretion of the 
individual soluble class I molecules from the cell; 
isolating the secreted individual soluble class I moiecules having 
. endog^nously loaded peptide ligands bound thereto from .the 
uninfected cell line and from the Infected cell line; 
V separatmg the endogehously loaded peptide ligands from the soluble 
class I molecules from the uninfected cell line and from, the 
\: v ' • /; infected cell line; : ... ; : 

. isolating the endqgenously loaded peptide ligands from the uninfected 
cell -line and the endbgenously loaded peptide ligands from the 
. infected cell line; . . . " 

comparing the eridogenously loaded peptide: ligandis. isolated from the 
. uninfected cell line to the endogenoiisly loaded peptide ligands 
isolated from the infected cell line; . ; 
identifying at least one endogenously loaded peptide ligand presented 
by the individual soluble class I molecule on the uninfected cell 
line that is not presented by ^tfie .individual, soluble class I 
molecule oh the infected cell line; and y" 
determining the source protein from which rv the. ; at least . one! 
- ehdogenously loaded peptide ligand is obtained. . 

107. A kit for identifying endbgenously loaded peptide iigands for an 
individual class I molecule, comprising: ■ . : ' 

a celL line containing ..a construct that encodes . an Individual soluble 
/ ■ : - dai^s: I nioleciile; the - fell line 4 capable ^f naturally processing 
j proteins into peptide ligand^; capable of being Iqaded into aihtigen 
v . biriding, grooves ^ such that when the cell line 

' j^. cultured under conditions whiclp allow for expression of the " 
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individual soluble class I molecule, a peptide ligand is 
endogenously loaded into the antigen binding groove of each 
individual soluble class I moiecuie prior, to secretion of the 
individual soluble class I molecules from the cell. 

108. The kit of claim 107 wherein the cell line is produced by a method : 
. comprising the steps; of: 

obtaining genomic DNA or cDNA encoding at least one class 1 molecule;.: 
identifying an allele encoding an Individual class I molecule ih the 

genomic DNA or cDNA; 
PCR amplifying the. allele encoding the Individual class I molecule In a 

locus specific manner such that a PCR product produced therefrom 

encodes a ..truncated, soluble form of the individual class I 

moiecuie; * 

cloning the PCR product into an expression .vector, thereby forrping a 
construct that encodes an individual soluble class l molecule; arid 
transferring the construct into ah uninfected cell line. 

109. A method for detecting a disease state, comprising this step of: 
providing means for detecting an endogenously loaded peptide ligand 

in an individual class I nriplecule, wherein the endogenously 
loaded peptide ligand is presented by an indivlduar class I 
molecule on an infected cell but nqt oh an uninfected cell. 

lib- The method of ciaim : 109; wherein the endogeripusly loaded Vpeptlde 
jjgand comprises SEQ ID YsJO: 29. 
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111. The method of claim 109, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO:30; 

112. The method of claim 109, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO; 31. 

113. The method of claim 109, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO:32. . 

114. The method of claim 109> wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO: 33. 

115. The method of claim 109, wherein, the endogenously loaded peptide 
ligand comprised SEQ ID NO:34. 

11$. The method of claim 109, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO:35. 

•. 117:} The method of clalrri 109, wherein the endogenously "loaded, peptide 
ligand comprises SEQ ID NO:36. 

118. The methods of claim 109, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO:37. 

llS^^-^Thefmethqcl'.of-dainl ,109, wherein ttie endpgeriously loaded peptide 
ligand comprises SEQ ID. NO:38. 
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120. The method of claim 109, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO: 39. 

121. the method of claim 109, wherein the. endogenously loaded peptide 
ligand comprises SEQ ID;NO:40. 

122. The rnethod of claim. 109, wherein the- endogenously loaded peptide 
ligand comprises SEQ ID NO:41. . 

123. The method of claim 109, wherein the disease state is HIV infection. 

•■ 124. A method for detecting a -disease state, comprising the step of:: ' 

providing means, for defecting an endogenously loaded peptide ligand 
in an individual class I molecule, \ wherein the endogenously; 
loaded peptide ligand is , presented - by : the individual class I 
molecule pn an uninfected cell' but n.dt on an infected cell: 

.125. A kit for detecting a disease state, comprisfhg: 

. • means for detecting , an endogenously loaded peptide ligand in an. 

individual class I molecule, whereiri the endogenously loaded 
peptide ligand is presented by the : individual class I molecule on 
an infected cell but not, on ah uninfected cell; 

126. . The method of claim . 125, wherein the endogenously loaded peptide 
ligand corripris^s; SEQ ID NO:29. 

127. The method of 'claim \125, wherein the endogenously loaded peptide 
liaand comorises SEO TD NOr?n: 
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128. The method of claim 125, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO:31. . 

129. The method of claim 125, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO:32. 

130. The method of claim 125, wherein the endogenously loaded peptide / 
Jigand cqmprises SEQ ID NO:33. 

131. The method of claim 125, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO:34. 

132. The method of claim 125, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO:35, 

133. The method of claim 125/ wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO: 36. 

135. The method of claim 125, wherein the endpgehdusly loaded peptide 
ligand comprises SEQ ID NO:37,: 

136: The method of claim /l?5, Wherein the endogenously loaded peptide 
ligand comprises SEQ ID lSiO:38, 

137: the method of claim 125, wherein the endogendu$iy loaded peptide 
■; ligahd cbmprises SEQ ID: Np:39. . 
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138. The method of claim 125, wherein the endogenously loaded peptide 
ligand comprises SEQ ID NO:40. 

139. The method of claim 125, wherein the endogenously loaded peptide 
jigand comprises SEQ ID NO:41. 

140. A kit for detecting a disease state, comprising: 

Vmea'hs for detecting a peptide iigand endogenously loaded in an ; 
individual clasis I molecule, wherein the peptide ligand is 
presented by the individual class I molecule on an uninfected cell 
but not oh an infected ceil.. 

141. A nhethod of identifying a motif for endogenously loaded peptide 
ligands. presented by; an individual class I molecule, comprising the steips of: 

providing a cell line containing a construct that encodes an Individual . 
soluble class I molecule, the pell line being able to naturally 
process proteins Into, peptide ligands capable of being loaded into, 
antigen binding grooves of class I. molecules; . . 

.culturing the cell line under conditions 1 which allow for expHessipn of the 
individual soluble class I molecule from the construct, such 
condftibns also allowing- for endogenous loading of the peptide 
ligarid into the antigen binding gropve of each individual soluble 
class I molecule prior to secretion of the individual soluble class 
I molecules from the cell; 

isolating th£ secreted individual, soluble class I molecules haying 
endogenously loaded peptide Jigands bound thereto; 
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separating the endogenous^ loaded peptide iigands frorfi the individual 
soluble class I molecules, thereby forming a popl of endogenously 
loaded peptide Iigands; and 

sequencing the pool of endogenously loaded peptide Iigands and 
deriving a motif for the endogenously loaded peptide Iigands 
based on dominant occurrences of particular amino acids at. 
specific positions of the endogenbusly loaded peptide Iigands. 

142V A method . of targeting a compound to an infected cell, comprising the 
steps of: 

providing £n uninfected cell line containing a construct, that encodes ah \" 
individual soluble class I molecule, the cell line being able to . 
naturally process proteins into peptide iigands capable of being 
loaded into antigen binding grooves of class I molecules; 

infecting a portion; of such cell line with at least one:. of a 
microorganism, a gene from a microorganism or a tumor gene, 
thereby providing ah infected cell line; 

cultbring the uninfected cell line and the; infected cell line under. 
s conditions^ which allow fbr expres^iph of the individual soluble, 
class I molecule^ Subh conditions also allowing for endogenous 
loading of a peptide- Ijgand in the .antigen binding groove of each 
individual soluble ' class i molecule' prior tb secretion, of the 
individual sbjuble class I mblecUles from the. ceil; . 

isolating the- - secreted ,' individual ;soluble class I molecules having 
endogenously loaded' peptide iigands. bound, thereto from the 
uninfected cell line^and the infected cell line; 
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separating the endogenously loaded peptide ligands from the individual 
soluble class I molecules from the uninfected cell line and the 
infected cell line; . 

Isolating the endogenously loaded peptide ligands from the uninfected 
cell line and the endogenously loaded peptide ligands from the 
infected celj line; 

comparing the endogenously loaded peptide Uganda Isolated from the 

infected cell line to the\ endogenously loaded peptide ligands 

Isolated from the uninfected cell line; and 
identifying at least one endogenously loaded peptide ligand presented 

by the individual soluble class I molecule ph the infected cell line 

that Is not presented by the individual soluble class I molecule 

on the uninfected cell line; and 
targeting a compound to a ceil having the at least one. endogenously 

loaded peptide ligand - presented by the individual class I 

molecule on a surface of the cell. 

143. The method of claim: 142 wherein, in the'step of targeting a compound 
to a cell^the compound .is .a drug. 

144. thie method of claim 142 wherein/ in the step bf targeting a compound 
to a cell, the compound is an antibody. 

145. The method L of claim 142 wherein, in the step of targeting a compound 
to a ceil, the compound specificallyVrecognizes' a complex formed of the at 
least one endogenously loaded /peptide ligand and the individual class I 
molecule. 
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146. A method of isolating Hgands, comprising the steps of: 
optionallyprovidihg a cell line; 

optionally cuituring the cell line; 

isolating .molecules having Hgands bound thereto; and 
optionally separating the Hgands from the molecules. 

147. a ligahd isolated by a method comprising the steps of : 
Optionally providing a cell line; 

optionally cuituring the cell line; 

isolating molecules having Hgands boupd thereto; and 

optionally separating the Hgands from the molecules. 

148. A method for identifying at least one! Hgand, comprising the steps of: 
optionally providing a cell line;, 

optionally infecting a portion of the cell liri£; 
optionally cuituring the cell line; 

pptionally isolating molecules haying Hgands bound thereto; 
optionally separating the ligands from the molecules; 
optionally isolating the Hgands; arid 
identifying at least one Hgand. 

149. A method for identifying at least one Hgand, comprising the steps of :v 
optionally providing an uninfected cfell line; 
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optionally infecting a portion of the uninfected cell line; 

optionally culturing the uninfected cell line and the infected cell line; 
^optionally isolating molecules having ligands bound thereto from the 
uninfected cell line and the infected cell line; 

optionally separating theligahds from the molecules frorn the 
uninfected cell line and iseparating the. ligands from the molecules from the 
infected cell I line; 

optionally isolating the ligands from the uninfected cell line arid the 
ligands from the infected cell line; 

optionally comparing the ligands isolated from the uninfected cell line 
to the ligands isolated from the infected cell line; and 

identifying at least one ligand presented by the rtiolecule on the 

uninfected cell line that is not presented by the molecule! on the 
infected cell line. 

150 . A ligarid presented by an individual class I molecule on an infeicted cell 
but optionally not on an uninfected cell- 

151; A protein capable of being processed into at least one peptide 
fragment, wherein the at least bhe peptide fragment is loaded fri and/or 
presented by a class I molecule. 

152. A ligand identified by a methQd "comprising the steps of: 
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optionally infecting a portion of the cell line; 
optionally culturing I the cell line; 

optionally isolating molecules having ligands bound thereto; 
optionally separating the Hgands from the molecules; 
optionally isolating the ligands; and 
identifying at least one ligand. 

153. A ligand loaded in a molecule and presented by the molecule on a cell. 

154; A protein cabbie of being processed into at least one peptide 
fragment wherein the at least one peptide fragment is loaded in an 
individual class? I molecule and is optionally presented by the individual class 
I molecule oh an uninfected cell. 

155. A ligand identified by a method comprising the steps; of: . 

optionally providing an uninfected cell line; 

optionally infecting a portion of the uninfected cell line; 

optionally culturing the uninfected cell line and the infected cell line; 

optionally isolating molecules having Hgands bound thereto frorh the 
uninfected cell line and the infected cell line; 

optionally separating the iicjands from the molecules from the 
uninfected cell line and the infected cell line; \ 

optionally isolating the ligands from; the uninfected cell line and the 
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optionally comparing the ligands isolated from the uninfected cell line 
to the ligands isolated from the infected cell line;. and 

. identifying at least one peptide ligand presented by the molecule on., 
the uninfected 'cell line that is not presented by the molecule on the infected 
cell line. . . " < * . . 

156. TV method for identifVing a self protein, the method Comprising the 

•steps of : • 
optionally providing a ceil line; . 
optionally infecting a portion of 
optionally culturing the cell line; 

optionally isolating molecules haying ligands boiind thereto; 
\'\ optionally separating the ligands from the molecules; 
; . optionally Isolating, the- ligands;'. . 

optionally idenW'ng at least one ligand;" : ; 

determining a source protein from which the at least one ligand is 

obtained; and • ? , " ; * ' 

optionally identifying the source protein as the self protein. 

157. A methbd for identifyi^ the method comprising the 

.'steps Qf: : \"' ; : ■" '■/ ' *" "■' \V. 

optionally providing an uhinfetted cell line; : : - \ 

optionally infecting a portion of the uninfected cell llnef; . 
optionally culturing thk uninfected cell line and the infected cell line; 
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optionally isolating molecules having ligands bound thereto from the 
uninfected cell line and from the infected cell line; 

optionally separating the ligands from the molecules from the 
uninfected cell line and from the infected cell line; 

optionally isolating the ligands from the uninfected cell line and the . 
ligands from the infected cell line; 

optionally comparing the ligands isolated from the uninfected cell line 
to the. ligands isolated from the infected cell line; 

optionally identifying at least one ligand presented by the molecule on 
the uninfected cell line that is not presented by the molecule on the infected 
cell I line; and 

determining a source protein from which the at least one ligand is . 
obtained. 

158. A kit for identifying ligands, comprising: 

a ce\\ line containing a construct that encodes a class I molecule. 

159. A method for detecting a disease state, comprising the step of: 
providing means for detecting a ligand In a molecule.; 

160. A method for detecting a disease state, comprising the step of: 
providing means for detecting a ligand in : a rhoiecule, wherein the 

iigand optionally Is presented by the molecule on an uninfected cell but not 
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161. A kit for detecting a disease state> comprising: 
means for detecting a ligand in a molecule. 

162. TV kit for detecting a disease state/ comprising: 

means for detecting a ligand, wherein the ligand optionally is 
presented by an individual class I molecule on an uninfected cell but not on 
an infected cell. 

163. A method of identifying a motif for ligands, comprising the steps of : 
optionally providing a cell line; 

optionally culturirig the cell line; 

optionally isolating molecules having ligands bound thereto; 
optionally separating the ligands from the molecules, thereby forming 
a pool of Iigands; and 

sequencing the pool of iigands and deriving a motif for ;the ligands. 

164. A method of targeting a compound to a cell, comprising, the steps of: , 
optionally providing a cell line; 

optionally infecting a portion of slich ■ cfel'l line; 
optionally culturing the cell line; 

optionally isolating molecules having endogenously load 
iigands bound thereto; 

optionally separating the ligands frbm tlte molecules; 
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optionally identifying at least one ligand; and 

targeting a compound to a cell having the at least one ligand. 
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A peptide ligand for an individual class I molecule 
comprising SEQ ID NO: 29. Corresponding source protein. 
Related method and kit for detecting a disease state. 



3. Claims: 19, 20, 69, 111, 127 all totally; 16, 67, 81-92, 
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A peptide ligand for an individual class I molecule 
comprising SEQ ID N0:30. Corresponding source protein. 
Related method and kit for detecting a disease state. 
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comprising SEQ ID NO: 33. Corresponding source protein. 
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A peptide ligand for an individual class I molecule 
comprising SEQ ID NO: 34. Corresponding source protein. 
Related method and kit for detecting a disease state. 
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A peptide ligand for an individual class I molecule 
comprising SEQ ID NO: 36. Corresponding source protein. 
Related method and kit for detecting a disease state. 
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A peptide ligand for an individual class I molecule 
comprising SEQ ID NO: 37. Corresponding source protein. 
Related method and kit for detecting a disease state. 
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A peptide ligand for an individual class I molecule 
comprising SEQ ID N0:38. Corresponding source protein. 
Related method and kit for detecting a disease state. 
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A peptide ligand for an individual class I molecule 
comprising SEQ ID NO: 39. Corresponding source protein. 
Related method and kit for detecting a disease state. 
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A peptide ligand for an individual class I molecule 
comprising SEQ ID N0:40. Corresponding source protein. 
Related method and kit for detecting a disease state. 
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A peptide ligand for an individual class I molecule 
comprising SEQ ID NO: 41. Corresponding source protein. 
Related method and kit for detecting a disease state. 
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154 all partially 



A peptide ligand endogenously loaded in an individual class 
I molecule and presented by the individual class I molecule 
on an uninfected cell. Corresponding self protein. Related 
method and kit for detecting a disease state. 



16. Claims: 146 148, 149, 156, 157, 163, 164 all totally 

Methods of isolating/identifying ligands/self protein/motif 
for ligands. Method of targeting a compound to a cell. 



17. Claims: 147, 152, 153, 155 all totally 

A ligand as disclosed in claims 147, 152, 153, 155 



18. Claims: 159-162 all totally 

Methods for detecting a disease state. 
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